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FOREWORD 


This report provides engineering definition of three potentisl large 
space construction project systems suitable for the period 1985-1990. The 
document is a study product of Task 1 - Project Systems Description, Contract 
NAS9-15718, Space Construction System Analysis Study, which was conducted by 
the Satellite Systems Division, Space Systems Group of Rockwell International 
Corporation for the National Aeronautics and Space Administration (NASA) , 
Johnson Space Center (JSC). 

The study was conducted under the direction of Ellis Katz, Study Manager. 
The following persons made significant contributions toward completion of the 
systems described herein. 
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I.O INTRODUCTION 


This report Bummarizos the three project system definitions developed 
ss pert of the overall Task 1.0 effort. The three systems are: (1) an SFS 

Development Flight Test Vehicle configured for space fabrication end compatl*- 
ble with solar electric propulsion orbit transfer; (2) an Advanced Communi- 
cations Platform configured for space fabrication and compatible with low 
thrust chemical orbit transfer propulsion; and (3) the same Advanced Communi- 
cations Platform, configured to be space erectable but still compatible with 
low thrust chemical orbit transfer propulsion. These project systems are 
intended to serve as configuration models for use in detailed analyses of 
space construction techniques and processes. They represent feasible concepts 
for "real" projects; real in the sense that they are realistic contenders on 
the list of candidate missions currently projected for the national space 
program. Thus, they represent reasonable configurations upon which to base 
these early studies of alternative space construction processes. Not only 
will we learn about some of the fundamental problems associated with space 
construction, but we will also begin to learn about some of the specific 
issues likely to occur in the initial applications of large area space systems. 

The three project systems presented here represent the culmination of 
concept analysis and selection efforts started earlier in Task 1.0. Pre- 
liminary analyses of some 49 concept variations spanning three basic types 
of space projects were conducted to identify the main combinations of project 
options, configuration design aoproaches and orbit transfer propulsion modes. 
These concept variations were screened to select a manageable number of speci- 
fic project systems which could then be used in detailed space construction 
analyses. The screening process considered the Individual project character- 
istics, their legacy interactions with the space program, construction impli- 
cations and drivers, and the exploitation of different orbit transfer propul- 
sion modes. The concept variations and screening analyses are presented ia 
Reference 1 (SSD 79-0025}.* Thus, the effort report'«d here begins with the 
three selected concepts identified above and expands them into complete system 
definitions covering all of their important design and configuration features. 

Although these project systems represent relatively complete definitions, 
the main Intent was to establish reasonable and typlcn' subsystem sizing levels 
and interface characteristics rather than optimized designs. Since the main 
objective of the study is to analyze space construction, it was felt to be 
more important to have "reasonable" designs with good traceability of their 
principal features than to expend vital study resources on design optimizations. 
It is more important to know that the construction proc'>ss must handle a given 
type of subsystem module with its particular Installation consrralnte /con- 
siderations than it is to have the module size and features optini..c co the 
nearest inch or pound. With good traceability through clearly documented 
rationale the configuration design drivers can easily be correlated with 
resulting construction issues. This will simplify the application of r.he 
construction analysis results of this study to future project systems. Thus, 
the main guidelines used in the development of the chosen project systems were: 


AReferences appear at the end of each section. 
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(1) Utllls* first ordtr slsing Mslysss to producs fsaslbls and 
practical configurations • not optiaixsd designs. 

(2) Eaq>hasisa design characteristics which significantly effect space 
construction procassas. 

(3) Provida good tracaability through claar» succinct rationale. 

The three project system definitions resulting from the application of 
these guidelines are presented in the following book sections. Section 2.0 
presents the definition of the SPS Development Flight Test Vehicle project 
and Section 3.0 presents the definitions of two configurations for the Advanced 
Communications Platform project, a space fabricated design and an eractable 
design. The content of each section includes overall project requirements, 
a configuration concept summary, subsystem descriptions and a summary of con- 
struction requirements. The project requirements were developed through an 
abbreviated approach using a scenario technique. With this tectutique require- 
ments ikre established more on the basis of judgemental logic rather than on 
rigorous design trades and cost benefits analyses, thereby leaving more study 
resources for analysis of space construction. The configuration sumsary 
describes the overall design concept along with the design drivers and key 
rationale. The subsystem descriptions briefly highlight the Important features 
of each subsystem along with their main sixing rationale. The construction 
requirements translate the configuration design characteristics for each pro- 
ject system into specific rules end guidelines for construction including 
overall strategies, individual "piece parts" inventories and construction 
tolerance considerations. 


The design definitions and construction requirements data presented here, 
then, make up the principal input data to Task 2.0 of the study (System Analysis 
of Space Construction). 


iference 


1. Space Construction System Analysis Project System Review, 

Rockwell International Corporation, Document No. SSD 79-0025, 
Dated 12 December 1978. 
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2.0 DEFINITION OF SPS FLIGHT TEST ARTICLE 


Th« following dttfinition of ch« solar powar satallica flight Cast article 
is complete and independent from the descriptions of antenna platforms which 
follow in Section 3.0. It '^egins with a project scenario and continues with 
overall configuration description and rationale for design, detail subsystem 
definitions, and a mass properties atatement. Finally, there is a presentation 
of overall construction process requirements, which is limited to the given con- 
straints, and suggested guidelines for construction inherent in the design con- 
cept. Key features of the project are introduced in Figure 2.0-1 
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Figure 2.0-1 Key Features of the Solar Power Satellite 
Flight Test Article Construction Project. 
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2.1 SPS TEST ARTICLE PROJECT SCENARIO 

The purpose of this section is to provide a "word picture" of the major 
factors likely to Influence or shape the design concept for this project. It 
includes a brief summary of the overall motivating environment surrounding 
this project, general operating modes suited to the project objectives and 
servicing/growth considerations related to the scope and objectives <f the 
project. It serves as an abbreviated approach in establishing the top level 
system requirements fer use in the concept synthesis and design analyses. 

2.1.1 General 


The scenario for the SPS Test Article is outlined in Figure 2.1.1. This 
scenario presumes the results of on-going NASA-DOE research activities will 
continue to show solar voltaic space power satellites to be a viable contender 
in satisfying future US and world needs for clean energy. Implied with this 
presumption is the execution of the basic plan outlined in the SPS "Red Book" 
(Reference 1) calling for continued research and analysis of vital issues and 
the Introduction of key hardware/ technology developments. Many details of 
this plan are unimportant to this scenario, but the general need for a major 
development test vehicle such as that depicted here for the SPS Project is 
presumed. This, then, sets the overall motivating environment for the analysis 
of the SPS Test Article Project. 

Within this projected environment the SPS scenario specifies a 1985 time 
period for the flight vehicle IOC as currently planned in the SPS Red Book. 

The prime objective of this project is to perform space-to-space tests of the 
microwave power beam. These tests are centered on the verification of the 
retro-directive phase control concept for beam formation and beam focus/ 
containment and the demonstration of heat rejection in the high thermal 
flux environment of the beam-forming electronics. 

Other objectives, such as high-voltage photovoltaic power generation, 
large system construction tests and evaluation and behavior of light-weight 
space structures are also an Integral part of the plan. Further, the signifi- 
cant investment represented by the flight vehicle along with its potentially 
high electrical power output suggests that extra versatility should be incor- 
porated into its design so that it can serve as a multipurpose facility after 
the primary test objectives have been met. These considerations, then, set 
the timeframe and backgrou.ad of thinking which are applied to the operating, 
servicing and growth facets of the overall SPS Test Article Project scenario 
discussed below. 

2.1.2 Operating Scenario 

In addition to the operating scenario of Figure 2.1-1, a basic mission 
and the main flight modes required to perform the test operations are pre- 
sented in Figure 2.1-2. An orbit altitude of 555 km (300 nmi) was selected 
for the microwave tests. This war deemed the lowest feasible altitude con- 
sistent with the large area, i. v W/CqA characteristics of the configuration. 

A higher orbit may prove to be required, but the lowest practical orbit was 
selected here in recognition of the payload performance/transportation costs 
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associated with higher orbits. 

A six month mission duration was estimated to be adequate for the per- 
formance of the planned microwave tests. This provides over 2700 orbit revs 
with nearly four full cycles of sun/orblt geometries. As a preliminary esti- 
matei these multiple cycles of the space orbital environment should be adequate 
to meet the various test objectives including the microwave performance assess- 
mentSf electrical power generation tests and measurements of structural behavior/ 
response to both thermal cycling and thruster pulses. Future, more detailed 
planning may establish the need for a longer mission duration, but six months 
was felt to be sufficiently representative for use at this time to size system 
features for space construction analyses. 

2.1.3 Flight Modes 

The mission profile in Figure 2.1-2 identifies several main flight phases/ 
modes. Also, several different orbit altitudes are depicted in recognition 
of the various influences shaping the project throughout the life of the test 
vehicle. Construction is shown to occur at a lower, more "Shuttle accessible" 
orbit, than the test mission orbit. An altitude of 460 km (250 nml) was 
arbitrarily selected for space construction. Later, detailed analyses of 
the space construction process (Task. 2.0) may require a change In construction 
orbit altitude, but for the preliminary requirements here, 460 km was selected. 

A higher, 740 km (400 nml), orbit Is also shown after the microwave test 
mission Is completed. This was Introduced In recognition of the potential 
value of long duration O 1 yr) advanced technology experimentation which 
could be conducted in the post microwave test phase. Experiments during this 
extended period could include solar electric propulsion, remot.e servicing, 
and many others. Following this period, the system could then be transferred 
‘:o a lower, more Shuttle-accessible orbit for re-outfitting to a new mission 
configuration. 

The above mission profile calls for the orbital delivery of a rectenna 
vehicle following construction and checkout of the SPS Test Article. The 
rectenna is the receiving element of the space-to-space microwave beam per- 
formance test and is a separate flight vehicle. H"s delivery is depicted in 
dashed lines (Figure 2.1-2) to signify that the definition of this important 
element is outside the scope of the SPS Test Article definition reported 
herein. Howevar, it is identified in order to clarify its mission interfaces. 

Once the rectenna vehicle is suitably placed in the test orbit the SPS 
Test Article would be maneuvered to the same orbit with the appropriate stand- 
off distance. An "orbit adjustment" phase is included which is comprised of 
a series of small correction maneuvers to achieve the proper "co-orbital" 
accuracies between the two vehicles. These correction maneuvers are assumed 
to be provided by the SPS test vehicle rather than the rectenna system. This 
allows the rectenna vehicle which is a relatively special purpose device to 
be as simple and low cost as possible. Placing the maneuvering capability 
on the SPS test vehicle follows the design versatility criteria mentioned 
earlier. Versatility offers additional productivity from the facility invest- 
ment after the microwave tests are completed. 
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For these same reasons, the stationkeeping maneuvers were also assumed 
to be performed by the SPS test vehicle. These maneuvers are needed to main- 
tain the 16.5 km (8.9 nml) separation distance between the SPS test vehicle 
and the rectexma. This separation distance Is bounded by beam spreading/loss 
of side lobe capture on the high side, and near field effects on the low side. 

A stationkeeping "deadband" of + 1 km was assumed. This could require maneu- 
vers as frequent as three or four times per day, depending upon the drag/ 
weight differences between the two vehicles. A wider deadband to reduce the 
maneuver frequency might be possible within the experiment requirements, but 
would not signlflca..t'’y affect the AV required. Hence, the 1 km deadband was 
selected as a represent.- tlve value. Although excursions up to 1 km are allowed 
with this assumption, the actual separation distance must be measured within 
an accuracy of + 80m to properly correlate beam performance measurements. 


In addition to statlonkeeplng, the flight mode for the microwave tests 
requires precision pointing of the antenna toward the rectenna receiving system. 
Further, the solar array area must be sun oriented. Thus, a rotary joint is 
needed between the antenna and the solar array to provide their respective 
viewing requirements. A single degree-of-freedom (d.o.f.) joint appears to 
be adequate for this function and would offer lower costs than a more complex 
two d.o.f. concept. With a Y-POP flight mode (Y is the long axis of the solar 
array area) rotated to maximize solar view factors, the array kW output is more 
than sufficient to power the microwave test, even for maximum sun out-of-plane 
angles (|3 ■ 52 degrees). 

UdX 


It further appears that the microwave tests could be performed In a 
"daylight only" mode, that is, only during the illuminated portion of the 
orbit. The illuminated fraction of the orbit ranges from 60 to 70 minutes. 
This is approximately twice the 30 minute thermal response time constant 
estimated to exist for the high power Klystron installation and antenna 
assembly. Thus, two "time constants" would be available for generating the 
desired thermal response data and heat rejection performance trends. This 
would provide nearly the full range of thermal data up to steady-state con- 
ditions for good correlation with thermal models and would greatly reduce 
energy storage requirements. Thus, with a "daylight only" test mode for the 
microwave experiments, energy storage need only accommodate a power level of 
a few kW for basic housekeeping functions rather than the several hundred kW 
required for the microwave tests. 
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This results in an auacere. but practical, concept for the SPS Test 
Article. Future, more detailed determinations of test requirements may indi- 
cate the need for longer test runs. These would Involve additional energy 
storage capacity, but not necessarily sized to full time, continuous high power 
testing. High power test runs could be scheduled with several days between 
tests to allow longer battery charging periods. There is a wide range of possi- 
ble combinations of test run durations, battery charging Intervals and test 
runs with and without simultaneous battery charging. However, the austere 
"daylight only" approach was selected for this analysis as a practical concept 
sufficient to meet the system definition needs for space construction analyses. 

2.1.4 Servicing and Growth 

Servicing and growth considerations are also Important elements in the 
overall project scenario. In keeping with the preliminary nature of the system 
definition presented here the scope of servicing considerations is necessarily 
limited. Trades between reliability, redundancy and level of servicing are 
Inappropriate. Emphasis is on the assurance that the project design not pre- 
clude on-orbit servicing, thus, allowing these trades to be made in the future 
when the design definition reaches the appropriate level of detail. 

Since the SPS Test Article will be constructed and operated within 
shuttle accessible orbits, the servicing scenario for this project would logi- 
cally include man-in-the-loop approaches. Also, commensurate with the lesser 
detail available within this early conceptual design process, the servicing 
considerations treated here are focused on the changeout of major elements or 
modules (not their Internal redundancies). These module type replacements are 
similar in nature to the equipment changeouts required In re-outfltting the 
test vehicle for growth missions. 

The desirability of incorporating versatility into the SPS Test Article 
design to handle possible growth missions was indicated in the beginning para- 
graphs of the scenario discussion. This idea is expanded upon here. The 
relatively high power output of this vehicle suggests several growth mission 
options, each with its particular re-outfitting requirements. It could serve 
as an advanced technology platform in either LEO or GEO, or it could serve as 
a high power facility for an advanced applications program 

One interesting concept could be a solar electric propulsion (SEP) 
technology platform. This mission would likely not require large increases 
in energy storage capacity and would have several other useful features. It 
could be operated "up" and "down" through the Van Allen radiation belts to 
determine solar cell degradation characteristics, as wel2 demonstrating 
SEP performance envelopes. Different thruster modules and different solar 
array/solar cell/shieldlng configurations could be introduced through re- 
outfltting operations as part of the overall SEP technology program. Other 
technology programs could also be accommodated as growth missions. The servi- 
cing and growth scenario, then, leads to the need for consideration of modular 
type equipment installations which can be replaced with units of similar or 
different capacities for extending and/or changing over to a growth mission. 
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All of the above scenario condiciona result in the top level system 
requirements summarized in Table 2*1-1. These requirements form the basic 
framework from which the individual subsystems requirements and concepts were 
derived. 

Reference 


1 . 


Solar Power Satellite Concept Evaluation. Volume 2 Detailed 
Report, Johnson Space Center, Dated July 1977 ("Red Book"). 
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Table 2.1-1. SPS Test Article Project Requirements 


Mission Objectives 

• Prime— Space-to-space microwave beam forming and containment 

test and klystron high thermal flux impacts and heat 
rejection performance 

• Other — Demonstrate high-voltage solar voltaic power generation 

Demonstrate space construction techniques 
Measure behavior of lightweight space structure 

Operational Time Period 

• 1985-1987 

Test Mission Orbit 

• h ■ 555 km (300 nmi) 

• i « 28.5 degrees 

Test Mission Flight Operations 

• Orientation: Y-POP, sun incidence varies with 8-angle 

Microwave antenna tracks co-orbltlng rectenna 

• Test article statlonkeeps w.r.t rectenna 

• Microwave test operations only during "daylight" side of orbit 

• Housekeeping and structural behavior tests continue on dark side 

Orbital Maneuvers 

• Construction orbit to test orbit, 460 to 555 km (250 to 300 nmi) 

• Orbit adjust to rectenna standoff distance 

• Statlonkeep w.r.t. rectenna 

• Test orbit to advanced technology orbit, 555 to 740 km 
(300 to 400 nmi) 

• Advanced technology orbit to reoutflttlng orbit, 740 to 460 km 
(400 to 250 nmi) 

Servicing 

• Consider man-in-the-loop and/or teleoperator available 
Growth 

• Consider versatility in design to permit adaptability to 
multi-use facility after SPS test 
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2.2 CONFIGURATION DESCRIPTION - SPS TEST ARTICLE 

The general arrangement of the SPS Test Article is illustrated in Figure 
2.2-1. This figure also lists the subsystems and the major component/descrip- 
tions of each of the subsystems that make up the project system as required 
to implement the project scenario discussed in Section 2.1. The configuration 
shown represents the I.EO operational configuration. Figure 2,2-2 illiistrates the 
orbit transfer and GEO operating configuration, showing the installation of the SEP 
modules used for orbit transfer. Drawing A2662-27 defines the SPS Test Article 
concept (Appendix A). 


> OVERALL DIMENSIONS 
LENGTH: 215 M 
WIDTH: 20 M 


I STRUaURE 

•LADDER’ 

SPACE r'AI 
CD REAM MACHINE 


RCS (4 PLAOS) 
SOLAR ARRAY 



SYSTEMS CONTROL 
MODULE 


iELEQRICAL POWER 
3952 M^ ARRAY 
LOCKHEED TYPE ILANKETS 
SILICON QLLS 
• PROPULSION 

storable propellant quads 
25 LB THRUSTERS 
PROVISIONS FOR SEP 


ATT & VEL CONTROL 
CMG/RC5 
IMU 

STAR,'fTTH/SUN SENSOR 

rectenna ranging 

• M-WAVE antenna 

24 panels 
3 PANEL TYPES 

• TOTAL SYSTEM WEIGHT 

63,300 LB 


Figure 2.2-1 
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Figure 2.2-2 SPS Test Article 
CEO Configuration 
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The microwave entenne is llluscreted In Figure 2.2-3 In its folded con- 
flgureclon for Shuttle Orbiter delivery es well as in its operational config- 
uration. The microwave antenna is attached to the rotary Joint. The rotary 
joint is the interface for the microwave antenna and for other payloads that 
may be selected. A drawing defining the microwave antenna concept. Drawing 
42662-20* is contained in Appendix A. 

The SPS Test Article has a linear type of configuration in contrast to 
equidlmenslonal* planar type arrangements that have been associated with pre- 
vious large space structures projects. This linear arrangement is also charac- 
teristic of the Advanced Communications Platform projects developed for this 
study. This shape is particularly compatible with automatic space fabrication 
concepts. It utilises the beam builder's capability to generate long uninter- 
rupted members. The ladder structural arrangement of the SPS microwave test 
article and the tri-beam structural arrangement of the advanced communications 
antenna platform are representative of efficient, automatic space fabrication 
concepts. The erectable type of structure utilising struts and unions is 
equally capable of being constructed into linear or planar arrangements. 

However, the linear arrangement represented by the erectable advanced com- 
munications antenna platform was selected to provide a more direct comparison 
with the space fabrication concept of construction techniques as well as a 
comparison of structural characteristics such as stiffness, natural frequencies, 
modal shapes, etc. 

The linear configurations represent relatively flexible structures as 
compared to a planar configuration. However, the stiffness requirements 
desired for the mission operations of the study projects can be met. Tor- 
sional stiffness is recognized as being the designing driver for the linear 
configurations, particularly during orbit transfer. Consequently, additional 
analysis is necessary to determine the locations of concentrated masses, such 
as antenna packages, in order to minimize torsional moments. 

In summary, the linear configurations sensitivities have been considered, 
and analyzed. The results indicate such project systems configurations can 
be designed to meet the requirements for control and orientation. Consequently, 
the project systems configurations selected represent viable configurations 
for the construction analysis and comparison tasks. 

2.2.1 General Configuration Description 

The SPS microwave test article project consists of "ladder" type struct- 
ural arrangement utilizing space fabricated beam members to which 25 solar 
blankets are attached. A control moment gyro/reaction control system (CMC/ 

RCS) attitude control stationkeeping concept is incorporated. A system housing 
contains the CMG's, Tracking, Telemetry and Control (TT&C) , and power storage 
batteries with thermal control provided by a radiator and external insulation. 
Micro meteoroid protection is also incorporated. A rotary Joint provides 
the connection between the solar array power generation system and the micro- 
wave test antenna. The microwave test antenna can be replaced with other test 
articles if so desired. 
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Figure 2.2-3. Microwave Antenna Configuration 







For orbit trontfor, oolor oloetrle ooduloo or* Inotollod on both onds 
of tho solar array struetura. Tha SEP modulat ara Installad on rotary joints. 
Consaquantlyi anothsr rotary joint la raquirad at tha and of tha solar array 
atructura opposlta from tha nlcrowava antanna in ordar to accapt tha SE? 
fflodttlas at this location. This raprasants tha systam configuration In GEO. 


The ladder structure is an assembly of beams fabricated by a single beam 
builder in orbic. The beam configuration is that developed by the General 
Dynamics SCAFE study with modifications as required, such as increased cap 
gages and diagonal cord diameters. The^structure configuration is dictated by 
the requirement for approximately 4000m^ of solar array, and by the stiffness 
required for attitude control during operations in LEO and during orbit trans- 
fer. Consideration of the assembly fixture size and packaging concept also 
influenced the width . f the configuration. The 20m width selected is compati- 
ble with the solar bi.-.nket width of 4m, thus permitting a 5-blanket wide arrange- 
ment . 


All of the larger modular items such as the RCS modules, and the systems 
housing are attached to the structure via berthing ports. The berthing port 
censept is the three-petel, neuter concept, baselined for the Shuttle Orbiter. 
Because ell of the berthing activities are accomplished by using the orbiter 
Ib'rjOte Manipulator System (RMS), no velocity sttenustion system is required. 
Structural latches are provided only on the mating module. This permits s 
final checkout of the active latching system on the ground and immediately 
before assembly in orbit. A utilities interface Is provided at each berthing 
port and each interface will be unique to its particular utilities requirements. 


Smaller units such as the electrical junction boxes and the solar blanket 
switching boxes will be secured to the structure with clamp type devices that 
are compatible with thu •tructural beam configuration end load capability. 

The clamping devices that secure the solar array switching boxes also pro- 
vide the ettschments for the individual solar array blankets. 


El<ctrlc.-il lines are secured to the structure with special clips. The 
clips may require pre-punched holes In the post members of the fabricated beams. 

The systems housing which contains the electrical power storage batteries 
and controls, the CMG's, the TT&C equipment, and the heat rejection radiator 
is also the structural bridge that provides the structural Interface between 
tha solar array structure end the rotary joint to which the microwave antenna 
is attached (see Figure 2.2-3). The housing will also be provided with thermal 
control insulation end meteoroid protection. A similar structural bridge at 
the opposite end of the solar array structure provides the support for the 
rotary joint and solar electric propulsion modules used for orbit transfer. 

No other system components are included In this bridge structure. 
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Th« 8 "B" panels are configured for Che chomel phase of che case. Six- 
teen (16) Klystrons ere utilised in this panel for the purpose of thermal test- 
ing end ere arranged as shown in Drawing 42662-20. Five of the panels require 
the additional structure shown for packaging purposes wnich will be discussed 
later. 


The center panel, (C) of the thermal test portion of the antenna is con- 
figured to obtain a heat flux comparable to that anticipated for che SPS trans- 
mitting antenna. This panel contains 121 1-kW Klystrons within the same three- 
meter-square panel. The depth of che panel is 1.1m which is sized to accommo- 
date the Klystrons. Additional heat rejection radiator surface may be required 
for this unique panel. 

The total antenna assembly is folded for transport to che LEO operating 
altitude. The total package is installed on a berthing pore located on the 
end of the rotary Joint of Che solar array assembly. The antenna is deployed 
into the using configuration only after che antenna has been secured to che 
rotary Joint. 

The eatimated weight of the antenna assembly is 9,140 kg (20,I1J lbs). 
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2.3 SUBSYSTEMS DEFINITION 

Detailed descriptions of the subsystems for the SPS Flight Test Article 
project are presented in the following sections. In each subsystem discussion 
there is an introductory summary description which includes design requirements, 
a detail description and a discussion of rationale or analytical effort accom- 
plished to support the design of the subsystem. The structure is described 
first, then the power generation^ distribution and control subsystem. Follow- 
ing these are the descriptions of microwave subsystem, propulsion, guidance 
and TT&C subsystems. A discussion of thermal control devices and effects 
concludes the series. 


SaMlito SytlMnt Olvltlon 
Space Syatama Group 


^I^RockwsH 

international 


2.3.1 Structure Subsystem Def Inltlon— SPS Test Article 
Objectives 

The objectives of the structural engineering reviews and analyses con- 
ducted in this space construction study were: 

• To ensure construction system study realism by representing 
structural configurations that are suitable for the total 
spectrum of mission requirements. 

• To ensure that all the particular requirements for structural 
Integrity, that significantly impact construction, are under- 
stood and identified. 

• To support the total systems weight analysis through definition 
of major component structural sizes. 

SPS Flight Test Structural Configuration Description 

The configuration of the SPS flight test article is pictorially described 
on Drawing 42662-27 (Appendix A). The structural configuration is that of a 
"ladder," which is extremely simple to construct, yet is structurally suitable 
since it is fabricated in the benign environment of space, and then subjected 
only to the low levels of loading described herein. 

The ladder is comprised of two longitudinal beams (215 m long) spaced 
10 meters apart and interconnected by a total of eight lateral beams. The two 
longitudinal and six of the lateral beams shown are the baseline machine-made 
beams currently being developed by General Dynamics under Contract NAS9-15310 
(Figure 2.3. 1-1) except that the diameter of the diagonal cords (1 mm) has 
been Increased to two millimeters (.080 inch). Also, the cord pretension 
has been appropriately increased from 45 to 180 newtons (40 lb) to maintain tiie 
same cord pretension unit stress. Discussion with General Dynamics has con- 
firmed the suitability of these modifications. The two additional laterals at 
the extremities of the ladder, while provided for mounting of the electrical 
propulsion panels, antenna, and housing of the control moment gyros, batteries, 
and TT&C equipment are bending and torsional strongbacks to increase the config 
uration stiffness. The strongback bending stiffness significantly supplements 
the in-plane Vlerendahl behavior of the ladder achieved by welding the laterals 
to longitudinal members at the four corners of each lap joint (Figure 2. 3.1-2). 
The strongback torsional stiffness significantly enhances the configuration 
overall stiffness. 

The solar blanket panels are stretched to 26.2 N/m (0.15 Ib/in.) limit 
tension, between the six laterals spaced 41.6 m apart and are attached as 
shown, on the drawing, in Section B-B. The six laterals with two overhangs 
of 5 m and a center span of 10 m provide the minimum shear-induced lateral 
deflection due to blanket tensioning. The four RCS modules are mounted to the 
extremities of the end bay 20-m laterals. The struts shown are provided to 
limit lateral deflection, during RCS longitudinally directed thruster loads, 
to values compatible with the solar array blanket tension system design. 
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Figure 2. 3. 1-2. Lap Joint Design Features 

The detailed structural requirements and analyses that directed the 
structural design of this SPS configuration are described herein. However, 
for review convenience, a summary of the most significant requirements and 
design capability are shown in Table 2.3. 1-1. 

Structural Requirements 

This SPS configuration has been reviewed and analyzed in order to assure 
that the basic concept is suitable for the SPS flight test article mission. 

To ascertain its suitability at this stage of maturity of the concept and 
mission requirements, the structural requirements delineated below were estab- 
lished. All of these requirements are regarded to be hard except the require- 
ments evolving from the interplay between stationkeeping, attitude control, and 
structure loading and, hence, will be reconsidered during the course of the 
study. However, it is felt that the requirements shown are sufficiently 
realistic to be the basis of determining the suitability of the basic concept. 

Solar Array Blanket Tension Loading . The structure must have sufficient 
rigidity to maintain a minimum limit solar array blanket pretension loading of 
17.5 N/m (0.10 Ib/in.) in each of the 4m wide blankets that comprise the 20m 
wide array. The ladder structure, therefore, allowing lor therm il effects, 
must be capable of sustaining the resulting compression due to a peak limit 
blanket pretension loading of 26.2 N/m (0.15 Ib/in.) across each 4m blanket 
as discretely imposed during construction and in the final constructed state. 
The initial diagonal cord pretension-induced compression of the basic beam 
is, for convenience, included in this requirement. The pretension is 180 N 
(40 lb) for each cord . 
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Table 2. 3. 1-1 SPS Ladder 



- Requirements/Capability 
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DESIGN CONCERN/IMPACT 

DESIGN CAPABILITY 

LONG COLUMN BEHAVIOR - 
ARRAY LENGTHOOOM 

ULTIMATE AXIAL LOAD -4MI LBS 
CAPABILITY- 850 LBS 

MINIMUM DEFLECTION WITH 
WITH LONGITUDINAL M 10 M 

RELATIVE DEFLECTION 
BETWEEN SPRINGS -.20 IN. 

TORSIONAL MODE - 
BEAM DIAGONAL CORD 
OIA -.080 IN. 

SYSTEM SUPPORT HOUSING 
TORSIONAL STRONGBACK 

FIRST MODE (TORSION) - .010 HZ 
2ND MODE (BENDING) - .025 HZ 
(BLANKET ON RIGID SUPPORT 
- .045 HZ 

LATERAL BENDING BEHAVIOR 
ARRAY LENGTH<22SM 

THRUST MAGNITUDE « 4% 
THRUST BUILDUP< 050 SEC 

ANGLE OF TWIST - RCS 
THRUST TOLERANCES 

< 8® 


THERMAL/INERTIAL 

DEFORMATION 


EXPECTED TO BE <6 MINUTES 
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Thermal Gradients . The structure must sustain the loads resulting from 
the thermal gradients throughout the structure with the resulting deflec- 
tions. For this concept feasibility analysis, the peak thermal gradients 
between the beam caps is 28“K (50°F) and the peak change In temperature from 
that of the "as built" condition Is ±111°K (200°F) . 

Statlonkeeplng aud Attitude Control Loads . The structure must be capable 
of sustaining the stationkeeping and attitude control loads delineated in 
Table 2. 3.1-2. Presently (to be reconsidered at a later date), the thrusters 
have a rise time substantially less than the structure's first modal frequency 
period; hence, an amplification factor of 2 Is applied to the limit load. 

Control System Requirements . The structural stiffness of the configura- 
tion must be compatible with the control system design. The design of the 
control system has torsionally decoupled the solar array configuration from 
that of the antenna. The minimum modal frequencies of the solar blanket array 
and microwave antenna structures must be respectively greater than 0.0040 and 
0.022 Hz. 

Miscellaneous Loads . The load sources contained herein for completeness 
have been reviewed and/or analyzed and found to be non-critical, and for report 
ing convenience are contained herein. A "soft dock" concept utilizing the 
RMS will be employed. Prior analyses for this concept (ATL/LSS 
program) indicate the loads will be less than the amplified thruster loads 
shown in Table 2. 3. 1-2. 


For transfer to synchronous orbit, the SEP system imposes loads that are 
negligible. Gravity gradient, solar pressure, and atmospheric drag loads act- 
ing upon the structure directly are not significant. 

Dimensional Stability . The solar array blankets must be positioned within 
9 degrees of the sun. By Inspection, this Is not a critical requirement. 

The total ac'jurajy of the antenna must be maintained within 13 minutes. 

The portion allocated to structural deflection is 6 minutes. 

Structural Analyses 

The structural analyses performed to support design definition and verify 
the suitability of the structural configuration to satisfy the foregoing 
requirements are delineated herein. All these analyses utilize a safety factor 
of 1.5 applied to limit load. As stated previously, a load amplification fac- 
tor of 2 is applied to the rigid body calculated RCS thruster-induced loads. 
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Table 2. 3.1-2. Stationkeeping and Attitude Control Loads 


\CASE 

V 

load\ 

LOAD CONDITIONS (NEWTONS) 

STATIONKEE 

PING 

ATTITUDE 1 

[7 


3 

k 

-Li 

6 

7 

8 

9 

■III 


12 

»x 

’y 

222 


in 




22 


-22 

III 


22 

2 

X 

2 

y 

2 

z 

222 



111 



22 


-22 


111 

-22 

3x 

3z 


222 



III 



22 

22 


III 

+22 

k 

X 

k 

y 

“•z 


222 




Ml 


22 

22 

111 


-22 


TIME DELAY BETWEEN FIRST AND LAST LOAD NOT TO EXCEED 
.15 SECOND, PEAK DIFFERENCE IN LOAD MAGNITUDE NOT TO 
EXCEED t*%. 


AMPLITUDE FACTOR OF 2.0 TO BE APPLIED TO RIGID BODY 
ANALYSIS LOADS. 
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Since the baseline beam being developed by General Dynamics is used 
(except for the diagonal cord modifications discussed previously), 

Figure 2. 3. 1-1 is included to present the basic beam structural character- 
istics, For this design, the GJ value is four times that shown. The analysis 
presumes, pending a static test of the prototype beam, that the individual cap 
ultimate load capability is 6S83 K(1480 lb), i.e., the value quoted in 
Reference 1. It is pertinent to note the feasibility of the concept is not 
dependent on that value since the basic cap can be significantly strengthened, 
if necessary, by Increasing the basic effective cap gauge from 0.73 mm 
(0.030 in.) to 1.25 mm (0.050 in.). The associated structure weight increase 
of 225 kg (500 lb) with the 1.25 mm gauge would represent approximately 0.60% 
of the total low earth orbit SPS weight. 

Euler Column Analysis . The total limit compression loading on each beam 
due to the combined limit pretension of 26.2 N/m (0.15 Ib/in.), the diagonal 
cord pretension of 180 N per cord (40 lb), and an RCS total thrust of 444N(100 lb) 
per beam (Case 2, Table 2. 3. 1-2) is shown on Figure 2. 3. 1-3. While the Inertial 
reaction to the RCS thrust is primarily distributed over the array length; the 
total reaction is shown at the extreme end for convenience (and conservatism)* 

The total limit compression, due to pretension of the six diagonal cords per 
bay, of 748 N (168 lb) is Included only for local cap stability. It does not 
affect Euler column capability or produce deflection magnification since it is 
an internal load with each bay a closed force system. The compression 
load from blanket tension (267 N) cannot produce deflection magnification, but 
its affect on Euler stability is questionable; hence, it is Included in the 
analysis. 

The Euler column capability, per longitudinal, is determined from 
Reference 2, which Includes the effect of shear deflection. 
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?2 Is solar array tension load > 267 N (60 1b) 

F3 is diagonal cord tension load <■ JkS N (168 lb) 

Temperatures quoted are relative to neutral axis. 


Figure 2. 3. 1-3. Euler Column Loading Diagram 
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where 


tt^EI 


tt^EI 


TI^EI 


W~ E 8in(}) coB^(J) 


1 + 

TT^ (17.25x10^) 


(208)' 


3935 N (884 lb) 


P = 3935 
cr 


1 


1 + 


3935 


3785 N (850 lb) 


4 (71, 200) (.35) 


To assure no significant magnification of load and deflection, the 
permissible ultimate axial load is limited to one half of the determined 
value; hence, for the total configuration this value is 3785 N (850 lb), and 
is greater than the total ultimate applied load of 2136 N (480 lb). 

The combination of loads and thermal gradients is analyzed more rigorously 
as follows. 


Referring to Figure 2. 3. 1-3, and Reference 2, the peak deflection y at 
the center of a beam column is determined from 


where 


hence 


8^ 

1 

2 

208 


2(1 - cos u) 
u^ cos u 

L 

El 


I 712x1 

V17.25X 


.5 

10t> 


.818 


Accounting for shear stiffness affects, u “ .834; hence, y “ .000439 M’p, where 
Mf is the total equivalent end moment due to the offset loads shown and the 
existing thermal gradient. For this condition Mj * 875 NM (7747 LB in.), for 
which the peak deflection is .38 m (15 in.). The maximum ultimate moment of 
1126 N*m, in conjunction with the total ultimate axial load of 2190 N, induces 
a peak cap load of 1209 N (272 lb) on cap "A" (Figure 2. 3. 1-1) which is well 
below the design capability. The effects of a fabrication deviation of .100 m 
will not be deleterious. 

Cord Pretension Considerations . The Intent of this section is to demon- 
strate the suitability of the selected diagonal cord pretension of 180 N, 
insofar as maintenance of pretension. The worst possible case visualized is 
a cord temperature increase of lll^K (200°F) concurrent with compression in 
the cap and vertical shear across the element (Figure 2. 3. 1-4). Although the 
peak 6583 n (1480 lb) compression will not occur at the same station as the 
peak shear, the analysis conservatively assumes that to occur. 
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Figure 2. 3.1-4. Diagonal Cord Configuration 
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Figure 2. 3. 1-5. RCS Thruster Loading Diagram 
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* The cap shortening (6583 N compression) <■ 0.889 mm 

* Cord thermal-induced length change 

along X-axis - 0.584 


* Cord shear-induced length change 
along X-axis ■ 0.889 


Peak relative length change 

* Initial diagonal cord elongation 
along X-axis 


■2.36 mm 
■ 3.10 mm 


Remaining elongation 


■ 0.74 mm 


The Initial pretension appears adequate since creep is not expected to be sig- 
nificant for the stress level in the glass which is approximately 3% of 
ultimate. 


RCS Thruster Loads . Referring to Table 2. 3. 1-2, the suitability of 
Cases 1 or 2 concurrent with the loads discussed previously has been demon- 
strated. 

The suitability of Case 5 Is illustrated as follows. Refer to Figure 2. 3. 1-5 
which is the balanced rigid body loading on one longitudinal beam due to a 111-N 
(25 lb) thruster force as shown. 

The peak limit moment due to this loading only is 1875 NM (16,600 lb in.) 
which imposes an ultimate load on cap "A" (Figure 2. 3. 1-1) of 2230 N (502 lb). 

The total axial compression load due to blanket and diagonal cord pretension 
Induces an additional ultimate cap load of 507 N (114 lb). The total cap 
ultimate load is 2737 N (616 lb). As stated previously, neither of the pre- 
tension loads will produce any deflection magnification since they are both 
closed-force systems. Both load systems also are attached to the beam and 
move with the beam. The predicted lateral deflection, due to this loading, is 
0. 30 m (12 in. ) . 

The capability of Cases 4 and 6 through 12 can be demonstrated through the 
same type of analysis. 

Attention is directed to the requirement of Table 2. 3. 1-1 relating to the 
peak thruster forces not varying by more than 4%. This could conceivably result 
in a 0.90 N (0.20 lb) difference in thruster forces, producing an applied torque 
of 18 N/m (159 Ib/ln.). The resulting relative angle of twist across the 208 m 
structure end to end would be approximately 1.2 degrees, and is not deleterious. 

Solar Array Blanket Structure — Strain Compatibility . The design of the 
spring tension system to comply with the differences in strain between the solar 
array blanket and the longitudinal beams Is beyond the present stage of study 
scope. However, the performed conceptual evaluation efforts are discussed as 
follows. 
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It is reasonable to assume the blanket expansion over half of the 40 m bay 
is 18.S0xl0*‘*xlllx20 ■ 0.041 m (1.60 in.}. The shortening of the beams due to 
thermal variation and/or compresaion loading is negligible by comparison. For 
each 4m width containing three tension springs each, each sprin;^ is initially 
loaded to 35 N (7.9 lb). Using a spring constant of 297 M/m (1.7 Ib/in.), the 
initial stretch - 0.118 m (4.65 in.). The remaining tension equals 

X 26.2 -17N/m (0.10 Ib/ln.) 

During a peak g-load, normal to the array, of 0.001 (conservative), the 
solar array blanket static response would be as follows: 

Referring to Figure 7. 3. 1-6, a basic membrane calculation indicates a 
deflection of 0.116 m (4.6 In.). This is considered to be reasonable. 
Incidentally, the basic blanket natural frequency with the minimum tension is 
0.045 Hz. 

Along the same lines, it is very desirable for the lateral beams to be 
quite stiff to preclude tuning problems during blanket installation. An anal- 
ysis of the lateral deflections (shear deformation predominates) of the beam 
indicated the following lateral deflection due to a limit tension of 26.2 N/m 
(0.15 Ib/in.). 

• Maximum cantilever tip deflection • 1.8 cm (0.70 in.) 

• Maximum center span deflection • 1.8 cm (0.70 in.) 

• Maximum deflection between 1.4-m 

support points • 0.51 cm (0.20 in.) 

Modal Analyses . A modal analysis performed on NASTRAN to the current SPS 
weight c'istributlon indicated the minimum modal frequency to be 0.010 »Iz 
(Case 6, Table 2. 3. 1-3). The associated mode is torsion (see Figure 2. 3. 1-7). 
The second mode is bending with a frequency of 0.029 Hz. 

The lowest mode Is above the minimum requirement of 0.0040 Hz. It is 
pertinent to note the value of 0.010 Hz could be increased to 0.016 Hz with 
placement of the RCS tankage modules on the SPS centerline rather than 
10 meters outboard as presently shutm. The new requirement for propellant 
lines is appreciated. 

The present design having a natural frequency of 0.010 Hz evolved from 
consideration of several alternate designs for which the minimum torsional 
modal frequencies are shovm in Table 2. 3. 1-3. While the trades were performed 
upon a configuration weighing 25,000 kg, the trends are valid. It is apparent 
that additional laterals was not an effective means of increasing the frequency 
and that the most effective increase came from increasing the torsional 
stiffness of the strongbacks at the extremity of the structure and increasing 
the diameter of the diagonal chords to 2 mm. 
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Figure 2. 3. 1-6. Solar Blanket Array 
Tenaion Loading 
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Figure 2. 3. 1-7. SPS Udder, 
First Modal Frequency 
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Table 2. 3. 1-3. Torsional Modes for SPS Configuration 
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25,000 
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0.00652 
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25, no 

2 

n 

1 

|H 

0. 00740 

3 

25.570 

1 , 

M 

1 

mm 

0.0105 

k 

25.600 

2 

6 

1 

■B 

0.0134 

5 

25.600 

2 

6 

2 

YES 

0.0170 

6 

38.160 

2 

6 

2 

YES 

0.010* 


*2nd Modal Frequency • 0.029 Hz (Banding) 


Antenna Dimensional Stability . While u structural analysis to determine 
the antenna thermal and mechanical deflections has not been performed, the 
allocation of six minutes is expected to be achievable. 


Reference 1 - Space Conatruction Automated Fabrication Experiment Definition 
Study (SCAFEDS) - Convair Division, General Dynamics, CASD ASP77-017 
^26 May, 1978) 

Reference 2 - S. Timoshenko, Theory of Elastic Stability , Hew York, 
McGrew»Hlll Inc. 
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2.3.2 Electrical Power Generation. Distribution & Control Subsystem Definition 
Description Summary 


The characteristics of the major components of the electrical power sub- 
system are summarized In Table 2. 3. 2-1. Figure 2. 3. 2-1 schematically summarizes 
the power distribution system assembly. 

Table 2. 3. 2-1 

Electrical Power Generation, Distribution & Control Subsystem 


Item 


Characteristic 


Power Generation 


Electrical Power Distribution 


Energy Storage 

Rotary Joint 

Test Article 

Microwave Anterna 

Telemetry, Tracking 
& Command (TT&C) 


4000m^ Solar Array 

130 Watts/m^ End-of-Llfe Output 
High Efficiency Hybrid Solar Cell 
20 Year Life 

520 kW Power @ 200 Volts dc 
5% Regulation 

Transmission Efficiency ® 94% 
Nickel-Hydrogen Batteries 
37 kW Hours 
Slip Rings 

Transfer 488.8 kW @ 204.7V 
279 Klystrons 

dc-dc Converter/Klystron Interface 
334.05 kW @ 204V dc 
5 kW 0 28 V dc and 200 V dc 


The electrical powe: distribution system (EPDS) receives power from the 
power generation subsystem, and provides the regulation and switching required 
to deliver the power for distribution to the various satellite loads or to the 
storage batteries. Figure 2. 3. 2-1 Illustrates the major assemblies comprising 
the EPDS system. The subsystem consists of main feeders, secondary feeders, 
tie bars, summing buses, regulators, voltage converters switch gear, remote 
power contactors, slip rings, brushes and subsystem cabling. Batteries and 
battery chargers are Included for eclipse periods. 
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Figure 2. 3. 2-1 Electrical Power Distribution Subsystem Assembly 
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The major requirements are to deliver power at specific voltages and levels 
on a continuous basis throughout the solar seasons for a duration of 20 years. 

The solar array will deliver 520 kW of electrical power through a distribution 
system with a transmission efficiency of 94%. Electrical power at a level of 
489 kW Is transferred across the rotary joint, •'hrough slip rings to the 
flight test article. The distribution will transmit the electrical power to 
the flight test article with a transmission efficiency of 98%. Power at a level 
of 448 kW at 200 volts will be delivered to the dc/dc converter/Klystron Inter- 
face (SPS Flight Test Article). Figure 2. 3. 2-2 Illustrates the efficiency chain 
of the electrical power distribution system. 

Power Generation 

Figure 2. 3. 2-3 and Table 2. 3. 2-2 summarize the physical format for the 
solar array. The solar photovoltaic power system follows the direction within 
Section IX. B of the NASA 'Red Book," Solar Power Satellite Concept. Power 
output per square meter of solar cell blanket Is calculated to be 130 W/m^. 

Thus, the total dc power generated for a 4000m^ solar array would be 520 kU. 

The 4000 square meters Is Implemented as a 20 meter x 200 meter solar 
array. The array Is divided Into five bays approximately 20 meters x 40 meters. 
Each bay has five solar blankets which are 4 meters x 40 meters. A solar blanket 
is comprised of 52 solar panels, of dimensions 0.756 meters x 4 meters. There 
are two electrical modules per panel. Based on the technology from the PEP 
solar array, there are 1530 solar cells per electrical module. 

Utilizing the PEP design concept, the array harness will be a flat cable 
conductor mounted on the back of the solar array blanket at the two long edges 
of the blanket. The harness folds up in the same manner as the array panels 
for retraction and storage. The flat cable conductor insulation Is 1 mil thick 
Kapton film. Two sheets of Kapton film, bonded together with a thin film of 
high temperature polyester adhesive, are used to encapsulate the 1mm copper 
conductors. Conductor pairs from six panels will be routed to form a cable 
which will terminate in a connector at the base of the blanket. Figure 2. 3. 2-4 
shows a schematic of a typical solar array blanket. The connectors, capable 
of remote manipulator handling, will be engaged into an Electrical Power Dis- 
tribution Switch Box located at the base of each blanket. The number of these 
connectors will be minimized to augment the remote fabrication operations in 
space. Feeder cables from the EPD switch boxes are routed to two electrical 
power distribution panels, located at the base of the array to form a split 
bus of equal power. Individual blankets feed power from their respective EPD 
switch boxes through feeders to the electrical power distribution panel. Switch- 
gear Isolate each blanket from the summing bus. As each switchgear Is closed, 
its respective blankets output Is connected to the summing bus. 

Voltage and power output and excess power at the beginning of life will 
be controlled by the isolation switch gear through the data management system 
within the TT&C system. Voltages, currents and bus temperatures will be moni- 
tored by TT&C system to detect any shorts throughout the solar at ray. Controlled 
emergency disconnects can occur under the TT&C da: .. management system or be 
effected by breaker control to avoid catastrophic effects. The design is such 
that no single point failure may cause a total loss of the SPS function. 
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Figure 2. 3. 2-4 SPS Flight Test Article Typical Blanket Element (1 of 25) 
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Table 2. 3. 2-2 

Power Generation Subsystem 


Item 

Characteristics 

Solar Array 

4000 Square Meters (20m x 200m) 

25 Solar Blankets (4m x 40m) 
Solar Cell Output EOL 130 W/m2 
Power Output 520 kU 

Solar Cell Blanket 

160 Square Meters (4m x 40m) 

52 Solar Panels (4m x .7564m) 
104 Electrical Modules 

Solar Panel 

3.0256 Square Meters (.7564m x 4m) 
2 Electrical Modules/Panel 

Electrical Module 

1.512 Square Meters (.7564m x 2m) 


Energy Storage 

An energy storage system will be utilized during the eclipse periods to 
provide approximately 37 kW-hours of electrical power. Batteries and a re- 
generative fuel cell system have been reviewed as candidate energy storage 
subsystems. The regenerative fuel cell system was not selected at this time 
due to the long, costly development program required for the electrolysis unit. 
Nickel-hydrogen and nlckel-cadlmum batteries were evaluated as candidates for 
the energy storage system. Table 2. 3. 2-3 provides comparative data which led 
to the selection of the nickel-hydrogen battery to be used for the energy 
storage system. Operationally, N1-H2 and Nl-Cd batteries are similar. How- 
ever, N1-H2 cell voltage Is 3mV higher than the Nl-Cd. Also, inherent o>/er- 
charge and over discharge capabilities of the N 1 -H 2 battery simplifies cell 
protection requirements. The Ni-Cd battery requires reconditioning periodi- 
cally, prior to each eclipse period, due to Its memory effect. This is not 
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Table 2. 3.2-3. Comparison of Nickel-Hydrogen to Nickel-Cadmium Batteries 


AMP-HOUR EFFICIENCY 
CELL VOLTAGE 
SELF DISCHARGE 
OVERCHARGE CAPABILITY 
OVER DISCHARGE (CELL REVERSAL) 
CHARGE CONTROL METHODS 
RECONDITIONING 
OPERATING TEMPERATURE 


WEIGHT 

VOLUME 

DEPTH OF DISCHARGE 


SIMILAR^ 75 TO 80% 

Nl-H 2 3.5% HIGHER 

Nl-H 2 SLIGHTLY HIGHER 

Nl-H 2 0,5C, NI-CD O.IC 

Nl-H 2 SUPERIOR, STABLE @ 0.5C 
SIMILAR 

NOT REQUIRED FOR Nl-H^ 

Nl-H 2 0-20 * C, 10 ® C DESIRABLE 
NI-CD 5-20 *C DESIRABLE 

30® C SHORTENED LIFE 
Nl-H 250% GREATER POWER/POUND 
Nl-H 2 2 TIMES GREATER 

Nl-H 2 @ 80% 2 TIMES LIFE OF NI-CD 



POTENTIAL LIFE, PERFORMANCE & COST 


Nl-H 2 HAS ADVANTAGE 


tpaet tytlamt Oraiip 




a problem with the N1-H2 battery. The N1-H2 battery may be operated at a 
higher temperature without Impacting its potential life. The NI-H 2 battery 
syatem weight has a significant advantage over the Nl-Cdt whereas the Ni-Cd 
battery system has the volume advantage. Nickel-hydrogen batteries may be 
discharged to a greater depth than the Ni-Cd. The charge/discharge cycle 
has no apparent flaking effect of the plates in the N 1 -H 2 as it has in the 
Ni-Cd. Costs of the two batteries are comparable. Considering the weight 
of the Ni-Cd battery, its transportation cost per kilowatt-hour to orbit is 
greater than tha.. of the NI-H 2 battery. 

Nickel-Hydrogen Battery . The parameters for the nickel-hydrogen battery 
are listed on Table 2. 3. 2-4. The current nickel-hydrogen cell, as developed, 
has a capacity of 50 ampere-hours. The cell is approximately 9 cm (3.5 inches) 
in diameter and 23 cm (9 inches) long. Figure 2. 3. 2-5 is a picture of seven 
nickel-hydrogen cells in a series connection. The energy storage system will 
utilize 122 of these cells in series to form a battery and two batteries will 
be required. A new cell plate in the stack would be increased. Current 
technology would be applied along with some test verification. 

Table 2. 3. 2-4 

Energy Storage System (Nickel-Hydrogen Battery) 


Item 

Characteristic 

Power Requirement 
@ LEO 

15,280 Watt-Hours 

@ GEO 

31,900 Watt-Hours 

Capacity 

27,093 Watt-Hours 

Charging 

1.6 Volts 

Discharging 

1.25 Volts 

Charging Rate 

C/10 

Weight Factor 

8.18 Watt-Hours/kg 

Depth of Discharge 

60Z 

Cell Size 

125 Ampere-Hour 

Number Cells/Battery 

122 

Battery Weight 

942.8 kg 
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Figure 2. 3.2-5. Nickel-Hydrogen Battery Cells 
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The battery switch gear and bus tie contactors are located within the 
Electrical Power Distribution Panels shown in Figure 2. 3. 2-3. Sensing cir- 
cuits of the data management system will monitor orbit times and will control 
when the battery will be connected and disconnected to the busses. As the 
battery power is connected, sensing circuits will disconnect loads not requir- 
ing electrical power during the eclipse periods. Battery power will be switched 
off in the same manner when sun energy illuminates the photovoltaic subsystem. 
The energy storage subsystem will have its energy resupplied by the solar array 
through the charging system. 

Electrical Power Distribution 

Figure 2. 3. 2-6 shows a simplified block diagram for the electrical power 
distribution system for the SPS Flight Test Article - Solar Powered Microwave 
Antenna. Main power feeders are routed from each solar blanket and are summed 
and divided into two busses. The split bus offers protection from losing all 
electrical power and provides some redundancy in event of a catastrophic event 
to the solar array. Bus ties from each summing bus of the Electrical Power 
Distribution Panel will interconnect to the power slip rings. The slip rings 
will transmit the electrical power across the rotary Joint and maintain the 
split bus concept. Risers from each brush of the power slip rings will be 
tied to a summing bus. Feeders route<:l through switch gear will connect to 
dc/dc converters which are located on the microwave test antenna structure. 

These switch gear isolate each converter for maintenance and are controlled 
by the data management system for controlled emergency disconnects that may 
be required in the event short circuits occur within the feeder loop. These 
switch gear, monitored through the data management system may be used to control 
the microwave test. 

The electrical propulsion system will be powered through the electrical 
power distribution panel. Switch gear will be located within the panel for 
isolation of the propulsion system from the summing busses. Power feeders 
will be routed through the rotary Joint, with a loop, to a switch box located 
on each propulsion mast at the base of the ion thrusters stack. Switchgear 
and circuit protection devices are provided for isolation and maintenance 
purposes. The data management system will monitor each ion thruster through 
data-command signals. The Attitude-Velocity Control and TT&C systems will 
have complete control of powering each individual ion thruster and RCS unit 
as required. The battery system has been sized to maintain electrical power 
on the ion thrusters for a stand-by status and to apply discharge power 12 
minutes prior to the climax of the eclipse period. This action will be con- 
trolled by the data management system. A simplified block diagram and sche- 
matic is shown in Figure 2. 3. 2-7. Table 2. 3. 2-5 shows the distribution of 
electrical power to the various subsystems. 

Electrical power, up to a level of 5 kW, will be supplied to the TT&C 
system for the housekeeping tasks this system performs. The battery system 
has been sized to maintain power for all required functions during the eclipse 
periods. Power will be supplied from the housekeeping bus to each of its loads, 
such as telemetry, rendezvous beacon, attitude and velocity control system, 

RCS, TT&C system, etc.. Each of these will be monitored by sensors and con- 
trolled thru the data management system of the TT&C unit. 
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u Figure 2. 3. 2-6 SPS Flight Test Article EPDS Slaplifled 

Block Diagram 
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Tabl« 2. 3. 2-5 

Diatrlbutlo n of EXtctTlcal Power 


Item 

Power/Energy 
Cenersted or 
Required 

Solar Array 

520 kW 

Battery 

37.1 kW-H 

Test Article 

342 Kw 

Telemetry Tracking 
& Control 

5 kW 

Attitude & Velocity 
Control 

5 kW 

Propulsion 

Orbit Transfer 
RCS 

520 kW 
500 W 


A wsighc summary of the Elactrlcal Powar Distribution System for the SPS 
Flight Test Article is shovm in Table 2. 3. 2-6. 

Table 2. 3.2-6 


*SPS Flight Test Article EPOS Weight Summary 


Solar Array 

4,091.1 

EPD Wire Harness 

1,503.1 

Blanket Switch Box (25) 

892.5 

Electrical Power Distribution Panel (2) 

962.4 

Battery Systems 


Batteries 

942.8 

Chargers 

103.2 

Wire Harness & Control 

88.23 

Ion Propulsion EPD System 


Wire Harness 

79os ZV 

Propulsion Switch Boxes 

584.4 

Antenna System 

1,472.52 

Secondary Structure 

1.243.85 


13,682.39 kg 


*Does not include cooling, TT6C or attitude and velocity 
control system weights. 
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2.3.3 Microwave Subsystem Definition 


Summary 


The microwave subsystem which consists of an antenna complex and support- 
ing electrlcal/electronic system components is contained in a modular unit, 
attached to one end of the spacecraft. Functionally* it is divided into two 
major sections. One includes a slotted waveguide array which radiates a high 
power beam (250 kW). The second* operating at a lower power level, consists 
of a long* narrow waveguide array which radiates a fan beam toward a rectenna. 
Figure 2. 3. 3-1 provides key dimensions and configuration information. 


Subsystem Description 

The design of the microwave subsystem reflects the two primary opera- 
tional requirements for accomplishing the test functions. These requirements 
are listed as follows: 

• The microwave subsystem shall be capable of simulating two types 
of Satellite Power System (SPS) transmission conditions. One Is 
a beam quality test and the other is a maximum power test which 
demonstrates thermal effects expected to exist at the center of 
the actual SPS transmitting antenna. 

• The antennas shall be pointed at a rectenna orbiting the earth In 
approximately the same plane and altitude as the spacecraft* and 
situated at a distance of approximately 16.5 km (at the edge of 
the far field of the transmitter). 

The SPS test article antenna* shown In Figure 2. 3. 3-1, consists of two 
contlnguous but independent parts. The thermal test portion Is comprised of 
9 sub-arrays, each 2.92 meters square and made up of 33 waveguides each having 
33 radiating slots. The central sub-array radiates 121 kW, produced by 2450 
MHz Klystron tubes mounted on its rear surface. Each Klystron has a nominal 
rating of 1 kW RF output and 121 such tubes are arrayed in an 11 x 11 matrix. 
It is emphasized that this slotted waveguide sub-array could equally well be 
excited by four 50 kW tubes in a 2 x 2 matrix without requiring any major 
changes. The central sub-array Is surrounded by eight Identical 2.92 meter 
square sub-arrays, but these are each excited by 16 1-kW Klystrons in a 4 x 4 
matrix. Total RF power input to the 9 element array is therefore 16 x 8 + 

121 = 249 kW. 

The phase control test portion is a linear array 2.9? meters wide and 
about 44 meters long consisting of 30 sub-arrays each 2.92m x 1.46m. Two of 
these sub-arrays adjacent to each other make up a unit that is identical 
to one of the 33 x 33 slot subarrays used in the thermal test array. However, 
each of these 2.92m x 1.46m subarrays Is fed by only a single 1 kW Klystron 
tube so that total RF power into the array is 30 kW. Each Klystron, and 
therefore each of the 30 elements in the linear array, is subject to phase 
control for the purpose of beam formation and pointing control. Each sub- 
array recelv.^s a pilot tone emanating from the rectenna. The phases of all 
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44 m 


THERMAL TEST ARRAY 

• 9 SUB-ARRAYS. 

EACH 2.92 X 2.92 m. 
WITH 33 X 33 SLOTS. . 

• 8 OUTER SUB-ARRAYS 
HAVE 16 KLYSTRONS 
EACH 1, kW OUTPUT 

• CENTRAL SUB-ARRAY 
HAS 121 ONE kW 
TUBES 
















2.92 m 


PHASE CONTROL TEST ARRAY 

• 30 ELEMENTS EA. 2.92 x 1.46 m. 

• EACH ELEMENT - ONE HALF OF 
BASIC 33 X 33 SLOT SUB-ARRAY 
HAVING EITHER 33 X 16 OR 

33 X 17 SLOTS (ALTERNATING). 

• SINGLE 1 kW KLYSTRON PER 
ELEMENT. TOTAL RADIATED 
RF POWER 30 kW. 


• TOTAL RF POWER 

16 X 8 + 121 • 249 kW 

• ALUMINUM WAVEGUIDE .05 cm (.020 in) WALL: TOTAL MASS 970 kg. 


Figure 2. 3. 3-1 SPS Test Article Antenna 
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the received pilot tone signals are sensed and the necessary control signals 
are applied to each Klystron tube Input In such a way that every subarray 
radiates Its 1 kW signal In phase conjugation with respect to the pilot tone 
signal received by It. This active* retrodlrectlve, control system ensures 
that the beam from the 30 element array Is correctly formed and steered toward 
the rectenna. Steering, however, occurs only In one dimension. The detailed 
design for such a retrodlrectlve control system Is not part of this study, 
nor Is the design of the rectenna which receives and samples the transmitted 
beam. The rectenna Is a co-orbltlng, but Independent, free flying vehicle. 

It Is expected that the pilot tone will be received by each of the slotted 
waveguide subarrays themselves. Thus the weak pilot tone signals must be 
separated from the strong transmitted signals by means of duplexers, which 
poses a difficult design problem. As an alternative, separate receiving 
antennas for the pilot tone might be used at each subarray. These should be 
cross-polarized relative to the high power transmitted signal so that they pick 
up only a very small leakage signal. If such separate pilot tone receiving 
antennas are used it Is Important that they do not cause any significant in- 
crease In spacing between adjacent subarrays In order to prevent the formation 
of grating Ipbes. 

Concept Definition and Rationale 

Each sub-array Is an assemblage of slotted waveguide radiators each of 
which Is of the standing wave, resonant slot type. The array Is excited by 
one or more slot coupled transverse feeder guides placed on the back (l.e., 
non-radiating) side of the subarray. The arrangement is shown in Figure 
2. 3. 3-2 wherein only a single transverse feeder guide Is shown for simplicity. 
The design basis for this array can be explained with the aid of Figure 2. 3. 3-3. 
The radiating and feeder guides have the same dimensions, the height "b" being 
one half of the width "a", as Is customary for rectangular guide. The crosses 
Indicate the locations of the slot centers for both the radiating and the 
coupling slots. 

A standing wave slot radiator requires that the spacing between adjacent 
slots be equal to ^g/2 where Is the guide wavelength. The slotted guide 
then radiates a broadside beam normal to the plane containing the slots. 

Several such guides are arranged parallel to one another to form a square 
subarray that radiates a symmetrical beam normal to its face. The spacing 
between adjacent guides Is denoted by 5 and Is assumed to Include the thick- 
ness of the waveguide walls. Thus, the spacing between neighboring coupling 
slots In the feeder guide Is a + 6 . 

In all cases alternate slots must have n radians phase shift which Is 
obtained by the use of staggered longitudinal shunt slots In the radiating 
guides, and oppositely Inclined series slots In the feeder guide. All slots 
are cut to resonant length (~X/2) so that slot admittance is simply g + j 0. 
Each slot Is either displaced from, or Inclined to, the guide centerline just 
enough to make Its conductance g equal to 1/N where H Is the total number of 
slots in the guide. When the guide Is short-circuited at one end, at a dis- 
tance ^g/4 from the center of the last slot, all slots appear In parallel. 

Hence, the admittance looking In at the other end Is gN = 1 and the guide 
is matched. 
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The guide can be shorted at both ends, in which case It may be excited 
by a probe or a slot In the wall opposite to the radiating face. This probe 
or slot must be located at one of the loops In the "standing wave" pattern in 
the guide, i.e., at a distance equal to an odd number of quarter guide wave- 
lengths from either end. One, or any number of such excitation points, may 
be used providing they are located in the above manner. 

In order to ensure suppression of grating lobes the spacing between adja- 
cent slots must be less than one free space wavelength. Thus 

2^ < X In the radiating guide and 
2 

a +5<^ln the feeder guide. 

Xc 

Noting that a « 2 , where Xc Is the guide cutoff wavelength. It Is clear that 
values of X/Xg and X/Xc In the neighborhood of 1/Y?“ are satisfactory as long 
as 6 Is small. The feeder guide Is also a standing wave resonant slot structure 
that radiatlvely couples into the radiating guides. Therefore, the spacing 
between Its coupling slots must be equal to one-half the wavelength in the 
feeder guide. Choosing identical dimensions for all guides then requires that 

a + 6 “ 

2 

and leads to a symmetrical array with identical spacing in both planes. The 
above condition, along with the usual waveguide relation 

I + i . i 

Xg2 Xc2 \2 , 
has a unique solution which can be expressed 

^ - cos ( -| +A), 

where, for small 5, A =< sin A s,_5 , 

x^^^ 

Choosing 6 ■■ 0.4 cm with X ■ 12.24 cm (2450 MHz) then gives 

- .6906, - .7232 

so that ^ * 8.86 cm and a ■ 8.46 cm. 

2 

Every subarray in the thermal test portion has 33 parallel waveguides 
each containing 33 radiating slots. The overall dimensions of this 33 x 33 
slot array are 2.920 x 2.924 meters. The central subarray has 11 transverse 
feeder guides on its back face, each carrying 11 Klystron tubes (1 kW ea) , 
that are probe coupled into the guide at loops in the standing wave pattern. 

The surrounding eight subarrays have only four feeder guides each being probe 


as 

Xc " si" ( ? 
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fed by four Klystron tubes. This arrangement is changed slightly for the half- 
size subarrays in the phase control test portion. Here* the standard 2.92m 
square subarray described above carries two feeder guides. One of these guides 
bouples to 16 adjacent radiating guides; the other one couples to the remain- 
ing 17 radiating guides. In this way the standard subarray Is effectively 
split into two Idenpendent units. The units are not quite Identical, however, 
since one has 16 x 33 slots while the other has 17 x 33 slots. 

The radiation pattern function of a standard subarray is the product of 
a 33 element array factor and the slot pattern function. Although the slot 
pattern is different in the E and H planes it is very much broader than the 
array factor. Thus, the latter dominates and the resultant pattern is sym- 
metrical and essentially that of a uniformly illuminated square aperture that 
is 2.92 meters per side. Hence, the half-power beamwidth will be 2.1°, the 
first nulls will occur at 2.4° from the array normal and the level of the 
first side lobes will be -13.2 dB. The phase control test array, which is 
43.8 meters by 2.92 meters, v;ill radiate a fan beam. In the plane normal to 
the linear array the beam characteristics are just those of the standard sub- 
array given above. In the plane containing the linear array the pattern is 
much narrower, the half power width being 0.14 degrees with first nulls occur- 
Ing at 0.16 degrees from the array normal. First side lobe levels are still 
-13.2 dB. 


In order to perform successful testing in space of the phase control test 
array, certain tolerances must be placed on the dimensions and orientation of 
the array and its component subarrays. The most Important tolerance require- 
ments are those summarized in Figure 2. 3. 3-4. Proper operation of the retro- 
directive, active control system will compensate for small displacements 
between adjacent subarrays, providing they remain parallel to each other. 
Nevertheless, it appears prudent not to allow such displacements to exceed 
X/4 or + 3 cm. Any non-parallelism, i.e. , tilt, between adjacent subarrays 
must be held to + 13 minutes of arc. This is based on an allowable loss in 
boresight gain not exceeding 3% and Is calculated from the loss relation 

/ sin AX .2 

' AX ^ 


where AX - ffp 
X 

A^ is the differential tilt angle and D ■ 2.92 is the length of a standard 
subarray. 

The radiating surface of each subarray must be flat with an rms deviation, 
o , not exceeding 3.4mm. Again, this is based on an allowable loss of 3%, 
using the Ruze formula 



2x0 .2 

X ^ . 
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TILT ANGLE BETWEEN SUB ARRAYS 

RMS SURFACE ROUGHNESS 

PARAaa DISPLACEMENT 

BETWEEN SUB ARRAYS 

ARRAY AHITUDE STABILITY 
X AXIS 
Y AXIS 
Z AXIS 

(FOR < AGAIN LOSS) 


Figure 2.3. 3-4 


± 13 min 
3.4 mm 

± 3 cm 

± 13 min 
^ 3 deg 
± 3 deg 

^ cm 



SPS Antenna Tolerances 
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Attitude stability requirements must be placed on the array orientation 
and are most stringent for rotation about the X-axis. This must be limited 
to + 13 arc minutes in order to hold the loss to 3% or less. Much looser 
tolerances can be placed on rotation about either the Y or Z axis, viz + 3° 
and + SO respectively, for the same 3% loss. 

Adjacent subarrays must be closely spaced in order to avoid grating lobe 
formation. The maximum tolerance gap between subarrays is about 2 cm. 

Substitution of Low-Power Klystrons 

Because the hlgh-eff iclency (83%), high-power (50 kW) , depressed-collector 
Klystron apparently will not be available for the 1985 Solar Power Experiment 
Mission, some changes have been made in the plan as originally set forth in 
the Red Book. The purpose of this section is to document these changes. 

Klystrons (1 Kilowatt) 

It has be^n suggested that the low-power 1 kW tubes developed for ground 
tests also be used in space until the high-power (50 kW) tubes are available 
(see Figures 2. 3. 3-5 and 2. 3. 3-6). This is to be our new baseline. 

Another alternative is to use the 50 kW Klystron without a depressed 
collector for this experiment. Its efficiency will approximate that of the 
low-power tube (75%). At this time we will continue with the 1 kW Klystron. 

The attached drawing (Figure 2. 3. 3-7) shows the placement of 279 tubes 
for the condition of thermal and phase-control tests. The thermal test will 
have the same heat generated per unit area as given in the Red Book (and full- 
scale SPS). 

Taking the RF power density as 20.9 kW/m^ (maximum), the RF power is: 

20.9 kW/m2 x 9m^ ■ 188 kW 

P P P 

Total tube power T ■ RF power RF + Power in Heat H 

P P P 

T - T? T + (l-T?) T 

where 

T] ■ efficiency 

**T - ^RF/tj - 188 kW/.83 - 226.5 kW 

The heat generated is 

- (l-Tj) **T - .17 (226.5 kW) 

- 38.5 kW 


Since 


Then 
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121 TUBES @ 0.% KW « 116.5 KW 
DC POWER M55KW 

HEAT DISSIPATED- 38.5 KW 
TUBE WEIGHT - 29 Kg 
EFFICIENCY -75% 

ANODE VOLTS • 7 KV 

(121 TUBES ON 9 m* 

SUB-ARRAY WITH 

HEAT PIPES FOR 

COLLECTOR COOLING; 

BODY TEMPERATURE 
195 - 250* C) 





— il5m J"" 


Figure 2. 3. 3-5 1 kW Klystron 
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4 KLYSTRONS S 47 KW EA. - 188 KW 

POWER DENSITY - — |^ - 20. 9 KW/ro^ 

9m 

DC POWER » 226.5 KW 

HEAT DISSIPATION- 38.5 KW 
TUBE WEIGHT -69 Kg 
EFFICIENCY -83% 

ANODE VOLTS • 33 KV 
THERMAL T.C. -35 MIN. 




Figure 2. 3. 3-6 50 kW Klystron 
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For tho now coftfigttr«tion» wo oholl uoo Cho oomo thonnol powor (38>S kW) 
and flolvo for tho total tuba powor P,^ in tho cantor thomol oquoro. 

- Vl-q - 38.5 kW/.25 
- 15A kU 

Tho RF powor io now 

^RF - q^T - .75 (154 kW) 

- 118 kW 

Tho powor copabilitp *or ooch Klyotron noods to bo 

^RP ■ ^RF/M - 116 kU/121 • 960 Watto 
Tho 1 kW tubas will do vory woll. 

Tho physical charsctoristics of tho Klystron oro givon in 
Figuro 2. 3. 3*5. 

Antonns Array Mass 

1. Thermal Test Array 


(a) 

Control Subarray 

44 W/C*s sa 2.924m long 9 .36 kg/m 
Add 8X for fittings* etc. 

46.3 kg 
3.7 ka 
50.0 kg 

(b) 

Outer Subarrays (total of 8) 
37 W/C*s oa 2.924m long 
Add 82 

38.9 kg 
3.1 ka 
42.0 kg 


Mass* Thermal Tost Array 
Center 1 9 50 kg 
Outer 8 9 42 kg 

50.0 kg 

336.0 ka 

386.0 kg 

2. 30 Elonont Phaao Control Array 



15 X 34 U/G*s oa 2.92m 9 .36 kg/m 
Add 8X 

536.8 kg 
42.9 ka 
579.7 kg 

3. Radiator Maas 



Tbormal Tost Array 
Phase Control Test Array 

386.0 kg 

560.0 ka 

966.0 kg 
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Tub* Hmi 

279 Kl]TstrofM 9 29.3 kg 
OvMttli Ane«ttM Mm« 


Th«t— 1 Mouir—wnf 


lilZlkft 

9.141 kg 


Tk« worst ckonMl problom occurs in tbs csntsr 3m x 3m tubsrrsy whtrs 
38.5 kW of boat Is gsasrsts4. Tbs Rsd Book rscommsnds thsc ehs tsmpsrsturo 
bs bold to 195<>C or loss for sxtsndsd tubs lifs. Although our mission is cnly 
six months or so. ws should dsmonstrsts a capability of approaching tha 19S^C 
to halp prova out tha SP8 concapt. 


A pralisdnsry snslysis of tha hast rajaction of tha 121 Klystron 3x3 
motor psnal gsvo tha following rasultst 


Klystron Surfaca Tas^aratura 195^C (Dasign) 

Top (Radiator) Paak Ta^aratura 190^C 

Bottom (Wavoguida) Twtporatura 95<>C 

Total Hast Rajaction 24.2 kU Tharmal 

niis is lass than tha raquirad 38.5 kW. It is astimatad that tha Klystron 
surfaca tmparatura must ba raised to 2S0°C to rajaec 38.5 kW. Dasign approaches 
to lowering Klystron tamparatura ara as follows: 

1. Improve top raolator efficiency. 

2. Improve Klystron-wavagulda thermal coupling. 

Tha dc/de converters and phase control alactronics packages mist be held 
to 65^C or lass to ensure proper operation of semiconductor alMiants. 

Power Raouiramants 

Tha heater and solenoid power raquirad for each 1 kU Klystron is 130 watts. 

The beam voltsga is 7 kW at 0.17 amparas. giving an efficiency of 75X. 

Rotas: 279 tubas x 1 kU - 279 kW RF 

dc Power • 279 kW/.75 • 372 kW 

Various efficiency factors as listed by Rsd Book: 

.92 X .96 X .96 x .99 x .97 - .831 

Solar Array Power ■ 372 kU/.831 - 448 kW 

4.000m^ gives 520 kU. giving a need margin fc** "olar 
array not being normal to sun. 

i 

J 

1 
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2.3.4 Propulsion Subsystem Definition 

The propulsion subsystem for the SPS test article consists of a reaction 
control system (RCS) and an orbit transfer propulsion system. 

Reaction Control System (RCS) 

An RCS is provided for control of the SPS platform In low earth orbit 
(LEO) during a six month life, during which the microwave antenna Is tested. 
The RCS provides control for both tran. 'atlon maneuvers and for attitude 
orientation control In conjunction with aVCS (attitude and velocity control 
subsystem) . 

Summary . The key features of the RCS are summarized In Table 2. 3.4-1. 
The RCS module Is Illustrated In Figure 2. 3.4-1. 

Table 2. 3. 4-1 RCS Summary 


Propellants 

N 2 O 4 /MMH 

Pressurization Gas 

Helium 

Total Impulse 

15.1 X 10^ N-sec (3.4 x 10^ lb-sec) 

Number of Modules 

4 

Number of Thrusters 

20 

Thrust, Each 
12 Thrusters 

111 N (25 Lbf) 

8 Thrusters 

22 N (5 Lbf) 

Total Weight 

7,200 kg (15,900 Lbm) 


Requirements . The translation functional requirements consist of 
(1) low altitude orbit transfer, (2) rendezvous with the rectenna, and (3) 
stationkeeping for six months. The RCS attitude control functional require- 
ments consist of periodic thrusting for momentum dumping of the control moment 
gyros (CMC) about the pitch, yaw and roll axes. These requirements In terms 
of delta-V (velocity Increment) and total Impulse are shown In Table 2. 3. 4-2. 
The delta-V for the orbit transfer maneuvers Include a 6 % Increase for low 
T/W (0.01 N/kg or 0.001 Lbf/Lbm) effects. The Initial orbit transfer maneuver 
transports the platform from the construction orbit altitude (463 km or 250 
nml) up to operational test altitude (556 km or 300 nml). After the micro- 
wave test, the platform Is transported to a holding orbit (741 km or 400 nml) 
where It Is parked until required; then later, the platfoirm Is returned to 
the constructloii altitude (463 km or 250 nml) for re-outfitting, refurbishment, 
and re-supply In preparation for a subsequent mission In GEO. 
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TAle 2. 3.4-2 RCS Requiremsnts 


Function Requirement 



H/Sec 

(Ft/Sec) 

1. Trenslatlon Maneuvers 



a. Orbit Transfer, 463 km 

to 556 km (250 to 300 nmi) 

54.7 

(180) 

b. Rendezvous W/Rectenna 

30.5 

(100) 

c. Stationkeeping 6 Months, 
556 km (300 nmi) 

45.7 

(150) 

d. Orbit Transfer, 544 to 741 
km (294 to 400 nmi) 

116.4 

(382) 

e. Orbit Transfer, 741 km to 
463 km (400 to 250 nmi) 

164.9 

(54^11 

TOTAL TRANSLATION 

412.2 

(1,353) 


Total Impulse 


N-Sec 

(Lb-Sec) 

2. Attitude Control 

CMG Momentum Dump (6 Months) 



a. Roll 

36,862 

(8,287) 

b. Yaw 

336,646 

(75,681) 

c. Pitch 

2.633 

(592)_ 

TOTAL MOMENTUM DUMP 

376,141 

(84,560) 
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Description . A 20>chruster configuration, grouped in four modules with 
propellants, and located at the four corners of the rectangular shaped plat- 
form, provides an RCS that meets the mission and functional requirements. 

This configuration is shown on Sheet No. 1 of the drawing 42662-27 (see 
Appendix A). The corner locations were selected to provide maximum length 
moment arms and to avoid thruster exhaust impingement on the vehicle structure 
and components. 

Figure 2. 3. 4-1 Illustrates a typical RCS module each of which contains 
an oxidizer tank, a fuel tank and helium pressurization tanks located within a 
structural shell that acts as a micro-meteoroid shield and provides for thermal 
control. On one side of the RCS module, an assembly of five thrusters are 
located, with a docking port on the opposite side for mating and attachment 
to the platform structure. 

The assembly of five thrusters (per module) consists of three 111 N 
(25 Ibf) thrusters and two opposing 22 N (5 Ibf) thrusters. Operation of the 
four module RCS consists of firing four 111 N (25 Ibf) thrusters at a time 
for low altitude orbit transfer, two 111 N (25 Ibf) thrusters at a time for 
yaw-axis CMC momentum dump and stationkeeping, and two or four 22 N (5 Ibf) 
thrusters for pitch and roll CMC momentum dump. 

Storable propellants (N 2 O 4 /MMH) were selected for the RCS to be compatible 
with long duration propellant storage for the six month mission and still 
provide reasonable performance. Bi-propellant RCS thrusters, such as those 
being developed by Aerojet, 2 N (0.5 Ibf), 22 N (5 Ibf) and 445 N (100 Ibf), 
provide a steady state specific Impulse of 2,750 N-sec/kg (280 sec) to 2,890 
N-sec/kg (295 sec). These performance values were used in sizing propellant 
quantities since relatively long pulse durations are required, with 90% of 
this propellant required for translation. 

RCS propellant requirements were based on a platform weight of 31,300 kg 
(69,000 lb), without RCS, and with RCS a platform weight of 38,600 kg (85,000 
lb). Each RCS module contains 1,320 kg (2,900 lb) propellant and has an 
initial gross weight of 1,800 kg (3,975 lb). The total gross weight of the 
four RCS modules Is 7,200 kg (15,900 lb). 

Orbit Transfer Propulsion System 

A solar electric propulsion system (SEES) is provided for transporting 
the SPS test article solar array from the construction and test altitude in 
LEO up to an operational altitude at GEO, on a "growth" mission subsequent 
to the LEO microwave antenna test mission. 

Su mmary . The key features of the SEPS are summarized in Table 2. 3.4-3. 

The module is illustrated in Figure 2. 3.4-2. 

Requirements . The requirements for the SEPS are summarized as follows: 

(1) A delta-V velocity increment 6,000 m/s (19,700 ft/sec) is required 
for transporting the SPS test article from an 28i degree inclined 
low earth orbit to GEO. 
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(2) An SPS vehicle weight of 38,500 kg (84,900 lb), not including orbit 
transfer propulsion, is required to be transported from LEO to GEO. 


(3) DC electrical power of 520 kW from a 4,000m^ (43,000 ft^) silicon 
solar cell array Is available for the maximum power source at begin- 
ning of life (BOL). End of life (EOL) power available is based on 
50% solar cell degradation from the radiation effects of passage 
t through the Van Allen Belt at low accelerations, corresponding to 

I transit times In excess of 100 days. 


(4) Trip time should be minimized for economic reasons to expedite the 
return on Investment. With a fixed electrical power level available 
and a given spacecraft weight, the prime area for decreasing crip 
time lies in using the electric propulsion type chat provides the 
highest thrust- to-power ratio, and a solar cell array with the highest 
power- to-welght ratio. 

(3) The specifics of a required GEO mission objective are undefined and 
remain an open issue. Therefore, the required operational time 
period for the GEO mission is undefined, but would occur sometime 
after the microwave test In LEO, or in the post-1985 time period. 

(6) Thrust Vector Control (TVC) is required (relative to the sun- 
oriented solar array platform) to provide both In-plane and out-of- 
plane deflection of the thrust vector. 

(7) Earth shadowing effects should be considered in causing Intermlctant 
operation of an otherwise constant thrusting mode. Therefore, elec- 
trical power storage is required to provide low power or initial 
warm-up to re-start mercury ion thrusters after each shadow period. 


Table 2. 3. 4-3 SEPS Summary 


Propellant 

Mercury 

Total Impulse 

279 X 10^ N-sec (63 x 10^ lb-sec) 

Power Input 

520 kW 

Number of Modules 

6 

Number of Tanks 

18 

Number of Thrusters 
Beam Diameter 
Thrust, Each 

72 

30 cm (1 ft) 

0.205 N (0.046 Ibf) 

T/W, Initial 

3 X 10-^ N/kg (3 X 10-5 ibf/lbm) 

Weight 

10,650 kg (23,500 lb) 
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Description . An electric propulsion system using 72 mercury Ion thrusters 
Is provided for orbit transfer of the SPS solar array platform. This config- 
uration is shown on Sheet No. 1 of drawing 42662-27 (see Appendix A). Elec- 
tric thrusters are located at both ends of the platform and are mounted on 
rotatable and nodable panels to allow solar array sun-polntlng and separate 
thrust vector pointing for orbit transfer, Including orbital plane change. 

The total number of thrusters are distributed between the two end Installa- 
tions according to the vehicle C.G. location between the ends. The assymmet- 
rlcal C.G. location shown, located approximately one-third the platform length 
from the cargo end (microwave test antenna shown) , results In the 48 and 24- 
thruster groupings at either end. 

A basic 12-thruster module Is used In multiples to obtain the 48 and 24 
thruster groupings (six modules total). The modules are mounted on masts which 
are attached to the rotary joint. Slip rings in the rotary joint provide for 
electric power transmission; further details of the rotary joint may be found 
In the section on Mechanical/Electrical. 

In addition to the thrusters, the basic module contains the power process- 
ing units (PPU, one per thruster), propellant tanks (one per 4 thrusters), and 
radiators for heat dissipation (see Figure 2. 3.4-2). The performance of the 
30 cm mercury Ion thruster Is summarized In Table 2. 3.4-4, which also includes 
characteristics of the PPU and mercury tanks. 

The 320 kW solar array power available is adequate for 73 thrusters at 
BOL after power processing by the PPU. The selected 72 thruster system was 
chosen for the aforementioned C.G., geometry, and modular design considerations. 
Each PPU provides processing In bringing the required multi-voltage dc power 
to each thruster. The PPU concept assumed also has the capability of main- 
taining control of operating performance of each thruster during the start-up 
and shutdown transients and steady-state operation. 

Two fold-out radiators are provided on each module primarily for heat 
dissipation of 0.9 kW from each PPU. An allowance of 2.5m2 (27 ft^) of radia- 
tion surface area per PPU is provided by the double-sided radiators, used 
with variable conductance heat pipes (VCHP). 

Three mercury propellant tanks are located In each module; each tank 
feeding four thrusters. Two of the four thrusters, fed by each tank, will 
be shutdown as the power degrades through radiation, so that a total of 36 
thrusters are firing upon reaching GEO. This selecclve shutdown allows the 
multiple tankage to be utilized fully. The pressurizing gas (GN2 or Freon 113) 
is stored Integral with the mercury propellant in the tank at 414 kilo-pasquals 
(60 psla), a relatively low pressure tank. A positive expulsion device pro- 
vides a constant force for feeding propellant under the low acceleration con- 
ditions. Each 43 cm (17.6 inch) diameter tank provides capacity for 315 kg 
(696.7 lb) of mercury propellant (50% of tank volume) and the pressurizing 
gas. The eighteen propellant tanks provide storage for the 3,681 kg (12,324 
lb) of mercury propellant which represents 53% of the total SEP system. 
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The resulting trip time Is 324 days (I0«7 months). This Is based on 
transporting the 38,500 kg (84,900 lb) platform from LEO to GEO using the 
average of 54 thrusters firing continuously, allowing lOZ time for earth 
shadow (non- thrusting) effects. 

Table 2. 3. 4-4 SEPS Characteristics 


Thruster - 30 cm 


Thrust 


Specific Impulse 


0.205 N (0.046 Ibf) 

49,000 N-sec/kg (5,000 sec) 


Input Power 


Screen Voltage 


2,900 V dc 


Propellants 


Beam Diameter 


Mercury 
30 cm (1 ft) 


Overall Diameter 


36 cm (14 inches) 


Length 


1.6 cm (6i inches) 


Weight 


8 kg (17.9 lb) 


Power Processing Unit (PPli) - (One per Thruster) 


Power Efficiency 


Silicon Control Rectifier 


0.04m3 (1.54 ft3) 


Weight, Each 


35 kg (77.2 lb) 


Propellant Tank (One per 4 Thrusters) 


Material 


Stainless Steel 


Operating Pressure 


414 kPa (60 psla) 


Expulsion 


Diaphragm 


Pressurization 


Size, Diameter 


Intes^'a! Gas (GN 2 or Freon 113) 
45 cm (17.6 inch) 


Weight 


9 kg (20 lb) 
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2.3,5 Attitude and Velocity Control Subsystem 

The main features and characteristics of the attitude and velocity control 
subsystem (AVCS) are summarized In Figure 2. 3. 5-1. 

The AVCS is designed to perform several post-construction functions. It 
controls the vehicle's attitude, points the microwave antenna, controls orbit 
transfer maneuvers, and regulates the vehicle's velocity to maintain proper 
spacing with the co-orbltlng rectenna. 

The AVCS Is designed to perform during the following phases of flight 
following construction and checkout; orbit transfer from the 250 nmi construc- 
tion orbit to the 300-nml operational orbit, six months of antenna testing, 
transfer from the operational orbit to a 400 nmi holding orbit, a prolonged 
period in storage, and transfer back dovm to the 250 nmi construction orbit. 
Subsequent flight phases, starting with reoutfitting the vehicle for another 
mission, are not considered here. 

The following text discusses the important considerations leading to the 
AVCS definition. The discussion, together with the supporting analyses and 
trade studies, is intended to define the subsystem in sufficient detail to 
satisfy the needs of this space construction study. It is in this spirit that 
many of the detailed trade studies required to fully define the AVCS components 
are replaced by engineering judgment. Even though a more detailed study might 
modify the subsystem design somewhat, it is believed that the hardware described 
here is representative of the type needed for the SPS vehicle, and will properly 
exercise the construction aspects of this study. 

Attitude Contr ol 

A primary function of the AVCS is to control the angular orientation of 
the SPS test article. The attitude control requirements are different for each 
flight phase, and all phases (orbit transfer, experiment operation, and storage) 
must he considered in selecting an attitude control scheme. The discussion 
begins by first examining attitude control needs during the six-month microwave 
experiment . 

Two attitude control requirements must be met. The solar array must be 
oriented toward the sun, and the bearing axis of the microwave antenna must 
be oriented so that the antenna can be accurately pointed toward the co-orbiting 
rectenna. These requirements are satisfied by aligning the long axis of the 
vehicle perpendicular to the orbit plane and orienting the solar arrays toward 
the sun with the accuracies listed in Figure 2. 3.5-2. 

An Important consideration In selecting a preferred attitude control con- 
cept is the required orientation accuracy. The SPS test article has loose 
attitude control requirements (precise orientation of the microwave antenna 
about Its bearing axis is not considered here); therefore, all forms of atti- 
tude control are candidates. 

Another Important consideration is the environmental disturbance torques. 
The major disturbances — gravity gradient, aerodynamic and solar pressure — are 
illustrated in Figure 2. 3. 5-3. These torque-time histories serve as a basis 
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THE OVERALL ANTENNA POINTING REQUIREMENTS ARE 
SATISFIED BY ORIENTING THE VEHICLE PERPENDIC- 
ULAR TO THE ORBIT PLANE TO THE ACCURACIES 
SHOWN (ATTITUDE CONTROL) AND ORIENTING THE 
MICROWAVE ANTENNA TO POINT AT THE RECTCNNA TO 
AN ACCURACY OF 13 ARC -MIN (ANTENNA POINTING 
CONTROL) 


S-2. Attitude Control Requireaents for the Microwave Transaisaion Experiaent 
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igure 2, 3.5-3. Environaental Disturbances. SPS Test Article 




for coMldering the applicability of each of the three fundafflental control 
conceptat 

Paaalve » fovlronnental torques can be used to loosely control a vehicle's 
attitude. For example, gravity-gradient torques can "hold” a vehicle in a 
local vertical orientation. Such concepts are not applicable to the SPS test 
article, because the vehicle's changing attitude does not remain fixed in a 
torque equilibrivni orientation. 

Mass Expulsion . Jets can perform the entire attitude control function. 

If this is done, 1400 kg (3000 lb) of hydratine is expelled during the six- 
month experimental phase. 

Momentum Storage and Transfer . Control wheels can be used in a variety 
of ways. A logical concept for the SPS test article is to store (exchange) 
the angular momentum caused by cyclic disturbance torques and rely on the 
reaction jets to counter the secular components of the environmental torques. 
Uith this concept, the propellant requirement for six months of attitude con- 
trol ia reduced to 70 kg (150 lb). A set of control wheels capable of exchang- 
ing the environmentally induced cyclic momentum is illustrated in Figure 2. 3. 5-4. 
Control moment gyros (CMC's) have some attractive features. They are the only 
devices presently available with very large momentum storage capability; and 
they have much larger torque capacities than momentum wheels, enabling them to 
settle transient disturbances faster. 

Somewhat arbitrary reaions are used to select CMC's to exchange cyclic 
momentum and RCS jets to control the secular momentum buildup. This combina- 
tion probably costs more (the cost difference is $0.5M or less) than an all-jet 
system, but it provides more capability which may be required after the vehicle 
is reoutfltted for subsequent missions. Furthermore, this control concept 
stresses the construction process more. 

Several types of attitude and angular rate sensors are available. Earth 
sensors can measure roll and pitch angle relative to an orbiting reference 
frame with an accuracy of approximately 1/4 degree. Sun sensors can measure 
two displacement angles relative to the sun (1 arc-sec to 1 arc-min accuracy); 
star sensors can provide three-axis angle measurements relative to Inertial 
space (1 arc-sec to 20 arc-sec accuracy); and gyros can provide inertial rate 
measurements (0.1 deg/hr to 10 deg/hr accuracy). A number of different combin- 
ations of these devices can satisfy the SPS test article requirements. 

The following considerations are used as the basis for selecting a reason- 
able complement of sensors: 

• Attitude sensing requirements are not very di>manding during 
the microwave experiment (~0.5* accuracy); hov.ever, more 
accurate sensing may be required during orbit transfer 

in order to reduce thrusting inaccuracy. 

* The cost of attitude sensors is a much smaller percentage of 
the total SPS test article system cost than it la for present- 
day spacecraft. 
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• Redundancy is Important » because failure of the AVCS at high 
altitude (say, the 400-nml orbit) would result in very high 
repair costs. 

These considerations, and a desire to select sensors which are plausible 
and which stress space construction, lead to the components illustrated in 
Figure 2. 3.5-5. The inertial reference unit (IRU), updated by star sensors, 
provides attitude and rate information during orbit transfer. The sun sensor 
is used during attitude acquisition to Initialize the star sensors' search. 

Improved attitude sensors (laser gyros, CCD star sensors, etc.) will be 
available when the SPS test article is flown. However, today's off-the-shelf 
hardware is adequate and is completely defined. For these reasons, the sensor 
characteristics listed in Figure 2. 3. 5-5 are taken from vendor catalogs. 

Antenna Pointing 

Two control functions combine to aim the microwave antenna at the rectenna. 
The attitude control system orients the antenna's bearing axis perpendicular to 
the orbit plane to within 5“ in roll and 3“ in yaw (Figure 2. 3. 5-2). Then, the 
pointing control system orients the antenna about the bearing axis to point it 
toward the rectenna to an accuracy of at least 13 arc-min. 

Fine pointing of the antenna is performed by a continuous drive torquer 
which nulls the pointing error measured by a directional antenna. The direc- 
tional antenna is part of the microwave antenna payload. It receives a pilot 
signal transmitted from the rectenna at two locations displaced from one 
another. Angular errors much less than 13 arc-min are sensed by comparing the 
phase differences between the two signals. 

An angle measurement transducer is Included in the pointing control system 
to provide antenna angle relative to the solar array. The transducer, together 
with the star sensor/IRU is used for open-loop pointing of the antenna with 
sufficient accuracy to get within the directional antenna's field of view. 

The angle transducer is also available for controlling the antennal relative 
orientation during other phases of flight. 

The drive motor must have sufficient torque to overcome friction and envir- 
onmental disturbance torques, and to accelerate the antenna to track the rectenna. 
A peak drive torque capacity of 7.0 N*m is sufficient as indicated in Table 
2. 3. 5-1. 


Orbit Transfer and Maintenance 


The AVCS must perform guidance and attitude control functions during 
orbit transfer and velocity corrections for orbit maintenance. Most of the 
components required for these functions are required for other functions and 
have been discussed previously. 

The additional equipment requirements include hardware to determine the 
vehicle's orbital parameters and its position relative to the rectenna, as 
well as sensors to measure the velocity change cause by orbit transfer thrust- 
ing maneuvers. The most effective way to satisfy these requirements is to use 
the Global Positioning System (GPS) for navigation data. 
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SaMlllt Syilmm DMalon 
Spac* Syatama Group 


Rockwall 

International 


Table 2. 3. 5-1. Antenna Pointing Drive Torque Requirements, 

SPS Test Article 



Torque 

(N*m) 

Friction 

1.0 

Gravity gradient 

0.6 

Aerodynamic 

0.1 

Solar pressure 

Negligible 

Tracking acceleration 

3.0 

50% contingency 

2.3 

Torque requirement 

7.0 

(5.2 ft-lb) 


GPS navigation data are provided by a small antenna, which receives inform- 
ation from four GPS spacecraft, and on-board electronics to process data. This 
system will locate the SPS test article and the rectenna to an accuracy of less 
than 10 m. 

Orbit transfer is achieved by first computing the required AV maneuver 
parameters on the ground, using GPS navigation data and vehicle attitude data. 
Maneuver parameters (attitude and velocity change) are transmitted to the 
vehicle. Then, the AVCS controls orbit transfer by using angle and angle rate 
data from the IRU together with the RCS jets and CMG's to maintain the proper 
attitude. 

Structural Requirements 

Special care is required to prevent unstable interactiors between the 
AVCS and the vehicle's soft structure. The easiest method to ensure stable 
operation is to design the structure to be stiff when compared to the control 
system. Analyses for many other space vehicles indicates that stable operation 
is achieved if the vehicle's fundamental vibration frequency is at least 5 to > 
10 times greater than the control system's characteristic frequency. When 
sufficient structural stiffness does not exist, the AVCS control logic can be 
shaped to stabilize the low frequency vibration modes. However, this approach 
can be risky when more than a few modes must be stabilized. The main concern 
grows out of the inability to accurately identify and measure motions pf more 
than a few low-frequency modes. 

The approach taken here is to develop adequate separation between the 
structural and control frequencies wherever possible and to actively stabilize 
low-frequency modes when separation is not possible. This approach is examined 
in the following text for the AVCS functions most likely to couple with 
structural vibrations: vehicle attitude control and antenna pointing during 

the microwave experiment. 
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Attitude Control . The potential for unstable Interactions between the 
attitude control loops and the SPS test article's structure Is again examined 
by comparing frequencies. ' 

The vehicle's structural frequencies and associated modes are presented 
In Section 2.3.1 (see Figure 2. 3. 1-7). The lowest frequency mode liable to 
couple with the pitch control loop Is a torsional mode at 0.010 Hz, and the 
mode most likely to couple with the roll and yaw control loops is the first 
transferee bending mode at 0.029 Hz. It is these frequencies which must be 
compared with the control frequencies. j 

The control frequencies of a simple attitude control system (l.e., control 
loops with rate and position feedback only) are established by two considera- 
tions— ’transient and steady-state response characteristics. The transient 
response requirements are easily met by assuring that the control frequency is 
at least two tlmeS|^ereater than the fastest disturbance torque. A control 
frequency of 7X10~ Hz ensures that the attitude control system can compen- 
sate for environmental disturbances without a significant transient response. 

A somewhat higher frequency is desirable to settle the transients caused by 
firing Jets, but a frequency less than one-tenth of the structural frequency 
is adequate. 

The control frequency must also provide enough "stiffness" so that the 
attitude errors caused by the environmental torques do not exceed the allowable 
values (5® in roll, 3® in yaw, and 8® in pitch). The required control stiff- 
ness and the vehicle's mass moment of inertia then establish the control 
system frequency. The control frequency requirements for adequate steady date 
response are listed in Table 2. 3. 5-2, along with the transient control 

frequency requirement and the structural frequencies. The maximum control i 

frequency requirement is compared to the structural frequency in the right- j 

hand column. Note that a frequency separation greater than ten can be ] 

achieved. Reasonable structural frequency requirements are; first torsional j 

mode >0.007 Hz and first bending mode >0.007 Hz. | 


Table 2. 3. 5-2. Attitude Control Frequency Separation 


Axis 

f , Control Frequency 
Requirement (Hz) 
Steady State Transient 

Structural Frequency 
(Hz) 

f /f 

8 C 

Roll 

>4.4X10"^ 

>7X10"^ 

0.029 

<41 

Pitch 

>3.7X10"^ 

>7X10"^ 

0.010 

<14 

Yaw 

>1.7X10"^ 

>7X10"^ 

0.029 

<41 







Antenna Pointing Control . The microwave antenna pointing control system 
can excite vibrations of the antenna and the solar array. However, only modes 
which can be excited by the drive motor and which can be sensed by the direc- 
tional antenna (which is mounted on the microwave antenna) can interact with 
the control system. 
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The lowest frequency mode computed in Section 2.3.1 Is a 0.010 Hz torsional 
mode of the vehicle, which nominally does not displace the directional antenna. 
However, stiffness and mass asymmetries, as well as drive axis friction, can 
cause a small amount of motion of the directional antenna in that mode. Thus, 
good design practice dictates that the pointing control frequency be less than 
0.010 Hz. Because this motion can only occur as a second-order effect, a 
closer frequency spacing of 5 Is permissible (f ^£0.0020 Hz). 

Next, the control frequency required to point the antenna accurately Is 
determined and compared with the foregoing requirement. Again, the control 
frequency Is established by the antenna's Inertia and the "stiffness" needed 
to overcome the environmental disturbances to point accurately. In this case, 
the control system must be stiff enough to balance the gravity-gradient torque, 
which Increases as the long axis of the antenna Is rotated off of its local 
vertical orientation, plus the aerodynamic and solar pressure disturbances. 

The gravity gradient torque calculation is complicated because the maximum 
offset pointing angle is related to how well the orbit of the SPS test article 
is matched to that of the rectenna. 

The control frequency required to achieve a residual error of 13 arc-mtn 
is plotted as a function of the altitude error between the two vehicles in 
Figure 2. 3. 5-6. Notice that the frequency requirement (f(.<.0,0020 Hz) is 
satisfied when the altitude error Is kep to less than 5 km. Matching orbits 
to this accuracy Is readily achievable, as discussed in Section 2.1. 
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ALTITUDE ERROR (km) 


Figure 2. 3.5-6. Antenna Pointing Control Frequency Requirements, 

SPS Test Article 
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2.3.6 Tracking. Telemetry and Control Subsystem Definition 


Summary 

During low earth orbit or during geosynchronous orbit, the communications 
and tracking system of the Solar Power Satellite (SPS) Flight Test Article 
uses S^band and Ku-band links to provide, in addition to tracking, reception 
of commands at a maximum rate of 216 k blts/s. The system also provides a trans- 
mission capability for telemetry, television, and data at a maximum rate of 
50 M blts/s. S-band links may be established with a ground station and both 
S-band and Ku-band may be routed through NASA's Tracking and Data Relay Satellite 
System. A simultaneous capability to communicate with the coorbltlng rectenrvs 
platform, the Space Shuttle Orblter, GPS, or ocher spacecraft is also provided 
on S-band. See Figure 2. 3. 6-1. 

S-band Links 

As shown In Table 2. 3.6-1, there are three S-band links: (1) PM to orblter, 
STDN or SCF, (2) FH direct to ground, and (3) PM to TDRSS and there to TDRS on 
the ground. The return link on (1) is split into high (2250-2300 MHz) and low 
(2200-2250 MHz). If the SPS Test Flight Article transmits on low, the orblter 
relays this signal to TDRSS (or STDN) on high or vice versa. In general, how- 
ever, the orblter Is not needed for relay and links (1) other than orblter, (2) 
and (3) are adequate for most command and tilemetry functions. The exception 
Is when higher rates than indicated are needed; then, the Ku-band provides the 
near continuous hlgh-data-rate capacity. Link margins are given in the special 
issue on Space Shuttle Communications and Tracking, IEEE Transactions on Com- 
munications, November 1978, Pages 1494, 1521 and 1604. Table 2. 3. 6-2 provides 
mass and power estimates. The grand totals for S-band and Ku-band communication 
subsystems including wiring and antennas are 200 kg mass and 1200 watts power. 

Ku-Band Links 

The Ku-band subsystem for Che SPS Flight Test Article operates as a two- 
way communications system with the ground through the Tracking and Data Relay 
Satellite System (TDRSS). The advantage of the Ku-band link is the large 
Increase in data rate capacity both on the forward link as well as the return. 

See Table 2. 3. 6-1. This Increase in data rate is largely due to the 0.9 meter 
parabolic antenna with 1.6 degree beamwidth and 38.5 dB gain • An uncertainty 
in pointing up to 10 degrees (20 degree full-cone angle) is allowed for by using 
a slow spiral sea* search pattern in acquisition. The maximum search time is 
3 minutes. The subsystem described here is the communications portion of the 
Ku-band Integrated Radar and Communications Subsystem for the Space Shuttle. 

Note that Links (1) and (2) have less than 40Z real-time coverage, whereas 
Links (3) and (4) have more than 95% due to the SPS Flight Test Article being 
in low earth orbit and the good coverage given by TDRSS. 
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Table 2. 3.6-2. SPS Flight Test Article 
LRU Mass and Power Summary 


LRU 

Mass (kg) 

Power (M) 

S-Band 



PM transponder 

15.8 

63 

processor 

8.1 

30 

Joppler extractor 

7.4 

16 

Po'v-er amplifier (100 W) 

14.4 

400 

Prci.mplif lev 

11.6 

25 

F?I transmitter 

3.0 

120 

FI processor 

5.2 

9 

Sv’ltch assembly 

3.0 

2 

Ku-Band 



Electronic assembly j 




Signal processor < 


95.0 

489 

Deployed assembly ] 




Total with wiring and antennas 

200 

1200 











2.3.7 Thermal Analysla and Thermal Control Subsystem Definition 

The primary thermal analysis effort related to the SPS flight test article 
Involves the microwave antenna klystron panels and the solar electric propul- 
sion system (SEPS) units. These are the only aspects reported herein. 

Thermal Control of 121-Klystron Panel 

An important objective of the 1985 solar power experiment (Reference 1) 
will be the demonstration of the feasibility of rejecting waste heat from a 
high-power-density klystron panel. Present plans call for the simulation of 
the 50-kW klystron tubes which will later be available, by a greater number 
of 1-kW tubes which rejec: the same amount of heat per panel. This approach 
calls for 121 klystrons mounted on one 3-meter bv 3-meter panel, generating 
38.5 kW of waste heat. The Red Book (Reference a ! jo specifies a maximum 
external klystron temperature of Tg > 195*’C. 

The configuration analyzed is depicted in Figure 2. 3. 7-1. Heat is car- 
ried from the high-temperature zones (output cavity and collector) of each 
klystron to the radiating surface Immediately above by means of heat pipes. 

It is estimated that this can be accomplished with a 5**C drop resulting in a 
radiator root temperature of 190°C. The lower surface is made up of nearly 
continuous waveguide tubes which provide a second radiating surface. However, 
the transfer from the klystron heat source to the bottom surface will be less 
efficient since it is accomplished by radiation and a limited amount of con- 
duction. It is estimated that the klystron-facing surface of the waveguide 
plane will reach 115°C and the opposite surface will radiate to space at 
Tw - 95*C. 

The radiator performance of the top surface must be modified by a fin 
effectiveness associated with a finite heat pipe spacing. According to 
Liebllen (Reference 2), effectiveness can be expressed in terms of non- 
dimensional fin width. 



For an effective fin width £ <■ 76.2 mm, a blackened aluminum radiator of 
0.762 mm thickness 6, and a root temp Tq of 463°K (190'C) the X parameter 
has the value 0.55, giving a fin effectiveness of 0.75 (Reference 2). 

$tot “ A 

This is less than two-thirds of the desired 38.5 kW. In order to achieve the 
higher level of heat rejection, the radirtor effectiveness must be increased 
and the conduction to the waveguide piano must be Improved so as to raise the 
temperature of the latter. Another altevnative is to allow klystron tempera- 
tures to rise (to an estimated 250°C) in order to reject the required heat 
from the present configuration. This is only an acceptable solution if kly- 
stron lifetime is not reduced slgnif Icandy by the elevated temperature. 
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Thermal Control of 16-Kly«tron Panels 

The remainder of the klyacron tube* are mounted, 16 to a panel, along 
with two dc/dc converter units (see Figure 2. 3. 7-1). The total heat dissipa- 
tion for a 3-meter by 3-meter panel is listed in Table 2. 3. 7-1. 

Table 2. 3. 7-1. 16-Klyatron Panel Heat Disaipation Requirements 


Source 

Heat Load 

im 

Radiating 

Temperature 

CO 

Klystrons (16) 


5.09 

190 

Converters (2) 


2.50 

65 

1 Total 

7.59 



If the total load is radiated at the lower temperature, the required 
active radiating area is 16.2 m^ . T'lis area is nearly equal to the two sides 
of the 3-m by 3-m panel and would require special methods to ensure effective 
radiation from the waveguide surface. An alternative approach, shown in 
Figure 2. 3. 7-1, uses only the radiator surface, but operates at two tempera- 
tures. All of the converter waste heat can be dissipated by 4.7 m^ at 65°C 
while the remaining area can dissipate the klystron heat load at an effective 
temperature of 137*’C or higher. 

Heat Dissipation Requirements for SEPS Unit 

Another concentrated source of power on the SPS flight test article is 
the solar electric propulsion system (SEPS). The high-temperature surfaces 
of the thruster electrodes will cool by self-radiation, provided no obstruc- 
tions are present. The power processing units are enclosed and require 
specific provisions for heat rejection. Each 6-kW SEPS unit must dissipate 
approximately 0.9 kW in the power processor at a maximum temperature of about 
60*C. 


Orientation of a SEPS unit depends on its thrust program and thus cannot 
assume a favorable orientation with respect to the sun. For this reason, it 
is necessary to provide some means of prevent ing reverse heat flow from radiator 
surfaces exposed to direct solar heating. Also, there must be enough unexposed 
radiator surface to reject the required heat load. These requirements are 
usually met by providing pairs of opposed one-sided radiator panels. Backflow 
of heat is prevented by louvers or variable-conductance heat pipes. F,ach SEPS 
unit requires two opposing surfaces of 2.5 m^ each. These may be combined to 
serve a module containing several units. 
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NOMENCLATURE 


Symbol 

A 

Cp 

D 

f 

^sc 

k 

L 

i 

P 

Q 

T 

t 

U 

X 

Greek Letters: 

a 

6 

e 

n 

0 

p 

0 

X 

Subscripts: 

c 

m 

o 

R 

W 


Explanation 

Area 

Specific heat 

Girder depth 

Solar radiation fraction 

Solar constant 
Thermal conductivity 
Length 
Fin width 
Open fraction 
Energy flow rate 

Absolute temperature 

Time 

Width 

Mondimenslonal width 


Solar absorptivity 
Thickness, depth 
Thermal emlsslvlty 
Effectiveness 
Angle of incidence 
Density 

Stefan-Boltzmann constant 
Thermal time constant 
Graybody shape factor 


Pertains to conduction 

Pertains to mesh 

Initial or base value 

Pertains to radiation 

Pertains to girder web or to waveguide 
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2.4 MASS PROPERTIES 

Table 2.4-1 presents the mass summary statement for the SPS Flight Test 
Article configuration under study. 

2.4.1 Rationale for Analysis 

Basic structure masses were based on structures analysis and sizing. The 
docking port masses were based on modified Apollo/Soyuz units. The rotary Joint 
mass was calculated from a layout. The secondery structure for the SPS consists 
of the solar blanket tie-down brackets. 

The solar panel mass was based on the standard Lockheed panel of 0.7S2m 
X 4m dimension with a mass of 3.147 kg. The remainder of the electrical power 
and distribution mass was based on analysis and requirements. 

The attitude control mass, consisting of CMG's and the RCS were based on 
requirements reflected by the satellite's mass properties and mission require- 
ments. 

The mass of the TT&C, Thermal and Information Management and Control are 
estimates based on prior studies. The mass of the Microwave and Communication 
Systems were based on scaling algorithms. Propellant mass was based on sate- 
llite mass properties and mission requirements. 

Discussion 


For the analysis of this project one may consider the microwave system 
as a payload of the SPS Test Article spacecraft. The microwave system pay- 
load mass represents 24% of the total satellite initial LEO (wet) mass. The 
major mass item is the electrical power and distribution system which is 36% 
of the total satellite initial LEO (wet) mass. The solar panels account for 
30% of the EP4D system. 

The structure and mechanisms represent 17% of the total satellite mass. 
The docking ports constitute 44% of the structure and mechanism mass. 

The SEP orbit transfer system mass is approximately 22% of the total 
satellite gross weight. This gives a mass ratio of 0.115. 


2-88 


SpM* SytlMin Qfoup 




Rock«MH 

IntonwHonal 


Table 2.4-1 

Mass Summary - SPS Flight Test Article 
(Mass in Kg) 




I 

i 
i 

I 

I 

j 

i 

! 

t ! 


t 

f 

i 

f 


i 

f 


( 

i 

I 


r 


Structure & Mechanisms ( 6,472) 

Basic Structure 594 

Secondary Structure 32 

System Control Module 2,268 

Mechanisms ( 3,578) 

Docking Ports 2,838 

Rotary Joint Module - MW Ant. End Only (1) 740 

Electrical Power & Distribution (13,730) 

Solar Energy Collector ( 4,091) 

Solar Panels 4,091 

Battery System ( 1,134) 

Batteries 943 

Charger 103 

Wire Harness & Control 88 

Distribution ( 7,261) 

Conductor ( 4,822) 

EPD Wire Harness 1,503 

Ion Propulsion Harness 1,798 

Antenna Harness 1,473 

Slip Ring/Brushes 48 

Equipment ( 2,439) 

Blanket Switch Box 893 

EPD Panel 962 

Ion Propulsion Switch Box 584 

Supports & Secondary Structure ( 1,244) 


1 


i 


I 

I 


■1 
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Table 2.4-1 (Cont) 

Hass Summary - SPS Flight Test Article 


Attitude Control 

( 2,050) 

Control Moment Gyro 

93 

Reaction Control System (Inert) 

1,957 

TT&C 

( 136) 

Thermal (Battery & Equipment Cooling & Radiator) 

( 230) 

Microwave System 

( 9,141) 

Klystrons (279) 

8,175 

Thermal Test Array 

386 

Phase Control Test Array 

580 

Information Management & Control 

( 800) 

Data Management 

500 

Instrumentation 

300 

TOTAL - SATELLITE, Dry (Initial LEO) 

32,559 

RCS Propellant 

5,239 

TOTAL - SATELLITE, Wet (Initial LEO) 

37,798 

Rotary Joint - Elect Prop. Only End (1) 

740 

TOTAL - SATELLITE, Wet; GEO Mission 

38,538 

ORBIT TRANSFER PROPULSION 


Inert (6 Modules) 

4,967 

TOTAL - GEO Burn-out 

43,505 

Propellant (Mercury) 

5,680 

TOTAL - GROSS MASS 

49,185 
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2.S CONSTRUCTION REQUIREMENTS - SPS TEST ARTICLE 

The following presentation Identifies general and specified requirements 
applicable to construction equipment and processes which are inherent in the 
specific preliminary design of the Space Power Satellite Test Article (Drawing 
42665-27). 

These construction requirements are inputs to the space construction 
analyses of Task 2.0. As discussed in this report introduction, the intent 
is to narrow down the total range of options by providing the important guide- 
lines and constraints affecting construction strategy, along with characteris- 
tics of the major component parts which must be handled during the construction 
process of this specific project. Further, the key dimensional tolerances 
potentially interacting with the construction accuracies are also included. 

2.5.1 Overall Strateav 

The following are specific, predetermined construction a^rproaches Inherent 
in the design. 

o The basic structural beams of triangular cross-section are fabricated 
by a beam builder machine similar to that developed by General Dyna- 
mics (Reference 1). The material is a non-metalllc composite of low 
thermal coefficient of expansion. 

o Basic structural beams are welded together at right angles to form a 
truss. 

o The major modular installations are accomplished using a type of 

androgynous mating, interleaving petal, docklng/berthlng port similar 
to that identified as baseline for the shuttle program. These ports 
are welded Into the ends of the beams. 

o There are several diagonal bracing struts which are based on the 
"dlxle-cup", hollow, tapered tube concept developed by Rockwell 
International and Langley Research Center. These utilize a ball 
and socket joint concept at each end, which is self-latching upon 
assembly. 

o The electrical power and signal wire runs are composed of segments 
joined at junction boxes and attached to outsides of beams between 
the various installed modules. 

0 The overall configuration was developed to permit reach to critical 
installation points by use of the Shuttle Orblter RMS, assuming the 
structure can be built using a construction fixture attached to the 
Shuttle Orblter payload bay. In this concept the constructed space- 
craft is progressively transported across the top of the orbiter 
along the Y axis. Other approaches are not precluded. 
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1.5.2 Component Invntory 

As a means to help quantify the magnitude and nature of the construction 
process, an inventory of the significant component parts has been developed. 
Table 2. 5. 2-1 lists the quantity (nuiid)er of parts), the overall dimensions 
and the mass which must be handled during construction. Also noted are key 
construction features which relate to trensport/handling or joining parts 
together or transporting parts. 

2.5.3 General Construction Sequence Guidelines 

The following general guidelines apply to planning an effective construc- 
tion sequence. 

o Set up constxuctlon fixture early in project (probably first activity). 

o The longitudinal beams must be fabricated prior to assembling any 
cross beams or transverse beams to them. It is probably desirable 
to manufacture the longitudinal beams first to avoid the necessity 
of storing cross beams or using two beam machines simultaneously. 

o Construct basic structure prior to attaching subsystem modules and 
flexible items such as electrical power and signal lines. Note that 
paralleling electrical power and signal lines can be installed as a 
beam is fabricated or installed. 

0 Install nickel-hydrogen batteries toward end of the construction pro- 
ject, provide for thermal conditioning (radiators) at time of installa- 
tion, and put batteries on-line as soon as possible to avoid extended 
periods of storage in charged condition. 

0 Consider therual constraints on flexible plastic wire coverings and 
other material.! which might be brittle at low temperatures. Schedule 
for deployment during periods of solar heating when required (or 
provide other thermal conditioning). 

0 Install large-area solar arrays as late as possible to avoid desta- 
bilizing Influence of drag forces. 

2.5.4 General Tolerances 


Table 2. 5. 4-1 defines the construction tolerances for the dimensions of 
the component parts and their interfaces which are judged to be critical to 
mission success of the spacecraft. All other interfaces will have tolerances 
specified which are consistent with good engineering practice. A description 
of the rationale and analysis effort which resulted in Table 2. 5. 4-1 appears 
in Appendix B. 


Table 2. 5. 2-1 Component Inventory - SPS Test Article 
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Table 2. 5. 2-1 - Component Inventory - SPS Test Article 

(Continued) 


SIZE BANDIED 


ITEM 

QUAN 

LENGTH 

WIDTH 

HEIGHT 


MASS 

KEY CONSTRUCTKm 

DESCRIPTION 

(m) 


(m) 

OR DIA 


(Kg) 

FEATURES 






(m) 




Solar Array Blankets 

25 

4.0 


.8 

1.0 


164 

Flexible, folding aiaterial 
deployed and tensioned 

Electrical Power 

25 

1.5 


.7 

.3 


% 36 

Saiall items 

Distribution Boxes 









Solar Array Attach 

90 

1.5 


.2 

.1 


Negl 

Light, small items 

Brackets 









Junction Boxes 

12 

.5 


.2 

.2 


-V 30 

Small items 

Retention Clips - 

1,050 

.06 


.04 

00 

o 

• 

-V 1 

Large number of sisal 1 

Wire Segment 







(total) 

iteiBS 

Wire Bundles, 

100 

2 


- 

<.l 

Dia 

10.5 

Short iteais 

Power 

42 

4 to 

6 

- 

<.l 

Dia 

21 

Moderate length, flexible 


26 

8 to 

12 

- 

<.l 

Dia 

38 

Shorter than orbiter bay 


18 

42 


- 

<.l 

Dia 

153 

Long, flexible items to 









be deployed 

Signal and Data 

21 

4 to 

f. 

- 

<.l 

Dia 

4.0 


Linos 

12 

8 to 

12 

- 

<.l 

Dia 

8.0 

Relatively flexible. 


5 

42 



<.l 

Dia 

33.5 

long, thin ites» to be 
deployed 


diMiD •HMia49 M«d9 
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Table 2. 5. 4-1. Critical Construction Tolerances— SPS Test Article 


ITEM DESCRIPTION 

MICROWAVE ANTENNA 
ROTARY JOINT 
SEP ASSEMBLY 
SYS. SUPPORT HOUSING 
DOCKING PORT (STRUCT.) 

LONGITUDINAL BEAM 
CROSS-BEAM 

STRUT 
RCS MODULE 
BRIDGE FITTING 
SOLAR ARRAY BLANKETS 
EPD BOXES 

SOLAR ARRAY ATTACH 
BRACKETS 

JUNCTION BOXES 

WIRE SEGMENTS 


CRITICAL DIMENSION 

DOCKING PORT ALIGN. 
DOCKING PORT ALIGN. 
NONE 

DOCKING PORT ALIGN. 

FACE ALIGN WITH BEAJ1 
END (±0.1 CM) 

LENGTH (±0.1 CM) 

TWISTED 

BOWED (i2.5 CM) 

NONE 

DOCKING PORT ALIGN. 
NONE 


TOLERANCE 

ALLOCATION 


SYSTEMS AFFECTED BY 
CRITICAL DIMENSIONS 


CONSTRUCTION 

OPERATION 


±0.1* 

ANTENNA 

GROUND FAB 

±0.1" 

ANTENNA & SEP 

GROUND FAB 

±0.1" 

ANTENNA & SEP 

GROUND FAB 

1+ 

O 

0 

RCS, SYS. SUPPORT 

ASSEMBLY 


HOUSING 


±0.1" 

SYS. SUP. HOUSING 

FABRICATION 

±0.2" 

RCS 

FAB/ASSEHBLY 

±0.1 " 

RCS 

FAB/ASSEMBLY 

±0.1" 

RCS 

GROUND FAB 

• 

- 

a 


NONE 






2*5.5 R€f«Mne«i 


1. Gensnl DynamlcB 


S|>ac« Construction Automated Fabrication Experiment Definition 
Study (SCAFEDS) Part II, Mld-Ierm Briefing. Briefing No. CASD- 
ASP77-011, 9 November 1977. 
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3.0 DEFINITION OP ADVANCED TECHNOLOGY COMHUNICATZONS PLATFORMS 


D«£lnitloM of two •Imllar antmna platform conotructlon projoctt aro 
prtaantad in the following pages. Their major aimilaritiee lie in the arena 
of communication antenna design* solar array design* RC8 and orbit transfer 
propulsion* TT&C* and in guidance and navigation. Major differences appear 
in the design of the basic structure to which the subsystems are attached. 
Therefore* to avoid needless repetition* the features common to both projects 
are discussed together* while separete descriptions are provided for structural 
concepts and those aspects closely related to attachments to those dissimilar 
structures. 


ORIGINAL PAGE K 
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3.1 ADVANCED COMMUNICATICNIS PLATFORM PROJECT SCENARIO 




Orayp 






Tha purpoM of this ssctlon is to provids s "word picturs" of 
ths major factors liksly to influsncs tha dssign concept for this 
project. It includes a brief summary of ths overall motivating environment 
surrounding the project* general operating modes suited to the project objec- 
tives and servicing/growth considerations related to the scope and objectives 
of the project. It serves as an abbreviated approach in establishing the top 
level system requirements for use in concept synthesis and design analyses. 

3.1.1 General 


The scenario for the Advanced Communications Platform is outlined in 
Figure 3.1-1. This scenario presumes the currant mushrooming worldwide growth 
in both domestic and international space communications will continue. This growth 
is particularly importMt to the rapidly developing third world countrias. It 
further presumes the available space in the geosynchronous arc will become 
overcrowded with the continued application of the present individual satellite 
concept. Higher capacity approaches desired for mor« efficient use of the 
available frequency spectrum and with merged political/economic interests will 
be required to meet the projected growth needs. Much has been written about 
the issues and interactions between the efficient utilization of the "geo- 
sync" natural resource and the need for safeguarding the future Interests of 
all nations* even those not now in a position to fully exploit or even begin 
to exploit the use of their "fair share" of this resource. It is beyond the 
scope of this study to resolve these problems, but the study assumes that solu- 
tions will be found, and that more efficient concepts will be implemented. 

The emphasis here has been to "leapfrog" the political arena and focus 
on the tecimical nature of more efficient advanced communications systems. 

Toward this end it is noted that current technology yields satellite service 
lifetimes of 3 to 7 years. Present plans call for replacement of existing 
satellites in the 1983 time period. These replacement systems are already 
under cc.itract and on the drawing boards. Thus, the earliest that a large 
advanced communications platform could appear is in the 1990 time period, and 
this is the timeframe selected for the communications project scenario. 

In focusing on the technical nature of the communications concept design, 
further emphasis has been placed on general sizing to U.S. needs. These needs 
are perhaps better known than world-wide trafflre projections, but more import- 
antly, the U.S. will likely be the first to apply advanced "platform technology." 
This, then, along with the above discussion is the general background and 
motivating environment surrounding the Advanced Communications Platform project. 
More specific characteristics are dlscus8<:il in the following subsections. 


3.1.2 Platform Concept Approach 


Tha purpose of the advanced communications platform is to provide high 
narformanca point-to-point communication links covering tha entire continental 
United States. The platform will supplement existing services provided by the 
common carriers, increase traffic capacity, and it will provide for direct 
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SERVICINO SCENARIO 

UNMANNEDmEMOTE 
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RESUPPLY STATIONKEEPING PROP 
REPLACE FAILED/OEGRAOEC rMOULES 


PROJECT SCOPE 


1980 TIME PERKN) 

SATISFY PROJECTED GROMITH FOR CURRENT 
SERVICES A INTRO NEW SERVICES 
TELEPHONE/I ELECONFERENCE. VIOEO^ 

REDUCE GEO CONGESTION 
COULD BE GLOBAL SYSTEM 
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• EPS SIZED FOR CONTINUOUS GEO OPS 
INCLUDING OCCULTATION PERIODS 

• ACCURATE BEAMPOINTING/STABIL 
INCLUDING DURING STATICNKEEP 

• ACCESS FOR SERVICING A GROMTTH 

• LOCATIONS FOR ADDED ANTENNAS 

• PROVISION FOR ADDED ELEC POBIER 



GROWTH SCENARIO 

EXPAND CAPACITY, POSS NEW SERVICES 
ADD 18 30 GHZ ANTENNAS. NEW MODULATION ELEC 
ADD SPACE TO SPACE LINK(S) 

ADO ELEC POWER 



Figure 3.1-1. 


Advanced CoiMMinications Platform Scenario 
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i.inks to areas where landline and radio relay networks are relatively "thin." 

It will perform the functions of the seven U.S. domestic satellites that now 
contribute to crowding of the geostationary arc at western longitudes. The 
platform will be required to provide multiple, high-gain spot beams covering 
the continental U.S., in contrast to the single CONUS coverage beams of each 
of the seven current satellites. The system will operate in the 4- and 6-GHz 
bands currently in use, with additional bands at 12 to 14 GHz, and will have 
the potential for future growth into the 20- to 30-GHz region of the spectrum 
if this proves feasible and desirable. 

The platform concept produces an inversion of complexity In the sense that 
the roles now played by the ground and by the space segments will be inter- 
changed. Currently, communications satellites have one or two simple antennas 
in the 1-m to 3-m size range and carry relatively little in the way of switching 
equipment. Ground terminals, which are few in number, use large antennas, in 
the 10-m to 30-m range, with complex switching networks. Complexity inversion 
requires the space platform to carry a multiplicity of large (10 to 20 m) highly 
sophisticated antennas, each generating many Independent beams that will demand 
complexity in the switching and accessing networks in space. By contrast, the 
number of ground terminals will become very large, but the equipment will be 
simpler and much less expensive, using antennas, for example, in the 1- to 4-m 
range. In addition, ground networks will be much simplified. 

The needed complexity inversion is made possible by the development of 
on-orbit construction and asseiid>ly techniques along with the transportation 
capability afforded by the Space Shuttle. The constraints on satellite and 
antenna size formerly imposed by the launch vehicle and its shroud are thus 
removed, not only permitting, but encouraging, the use of orbiting platforms 
supporting multiple large antennas, each optimized to its own communications 
task, and carrying large solar arrays to supply power for a complex of ampli- 
fiers, ^witches, and processing networks. 

3.1.3 Operating Scenario 

The overall operating scenario for the communications platform is depicted 
in the mission profile of Figure 3.1-2. The complete system will be construc- 
ted and checked out in LEO. Orbit transfer propulsion modules will then be 
delivered and mounted. The fully assembled platform will then be transported 
to GEO at a longitude serving US communications needs. Upon arrival at its 
mission station the appropriate flight modes will be activated and the com- 
munications system will be initialized. The platform system will then be 
ready for communications operations and will begin absorbing the projected 
traffic demands. 

A communications platform requiring space construction and sized for future 
needs will represent a significant Investment in both technology development and 
flight hardware. To assure an adequate return on this Investment, a 20-year 
service life is required. This long life, together with its high capacity, 
creates several Important implications. First, the extremely high capacity of 
•'tich systems means millions of users are dependent upon its continued operation, 
-ncl the need for uninterrupted service is paramount. Second, the long opera- 
tional life implies the need for on-orbit servicing. Together (long life and 
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uninterrupted service) they Imply the need for servicing approaches which mini- 
mise or completely non-interfere with the on-going communications operations. 

In fact* all routine platform operations as well as servicing and growth instal- 
lation operations must be performed with minimal or no interruptions in services. 

Another requirement introduced by the need for uninterrupted service is 
the sizing of energy storage capacity. This must be sized to maintain full 
service throu^ maximum sun occultatlon periods. Sun occultations can occur 
due to both earth and moon shadowing. Earth shadowing occurs over a two month 
span, twice per year, near the equinox periods and has a maximum shadow inter- 
val of approximately 1.1 hours. Hoon shadowing is much less frequent and is 
coupled to the lunar eclipse cycle and specific platform ephemeris character- 
istics. The moon shadowing intervals can be as long as 3 hours, but are gov- 
erned by the specific eclipse geometry which varies from event to event. The 
combined set of conditions producing worst case moon shadowing is very rare 
and may not occur over the life of the platform. Thus, for the ccn«^ept defi- 
nition presented herein the earth shadowing interval was used for establish- 
ing energy storage requirements. 

In addition to continuous service the platform must provide a stable 
earth pointing base for precision pointing the high performance communications 
anteimas. To reduce the amount of antenna/platform steering required to main- 
tain beam coverage patterns, north-south stationkeeping is required in addi- 
tion to the usual east-west drift control. All stationkeeping maneuvers must 
be "soft" in nature and sufficiently isolated from the beam steering dynamics 
to maintain antenna pointing stability. 

Thus, the critical requirements derived from the platform operating 
scenario are: a 20 year service life with a goal of uninterrupted service. 

3.1.4 Servicing and Growth 

Servicing and growth considerations are also important elements In the 
overall project scenario. However, In keeping with the preliminary nature of 
the system definition presented here, the scope of servicing considerations 
is necessarily limited. Trades between reliability, redundancy and level of 
servicing are inappropriate. Emphasis is on the assurance that the project 
design not preclude on-orbit servicing, thus, allowing these trades to be 
made in the future when the design definition reaches the appropriate level 
of detail. 

In addition to the need for long life and uninterrupted service, there is 
ano^her important driver which is perhaps unique to the Advanced Communications 
Platform and which significantly affects servicing and growth requirements — 

It is the Impact of rapid technological progress on the platform growth process. 
The rapid technological progress being made on nearly all fronts of the micro- 
electronics/data processing Industry will stimulate Increased requirements for 
updating the flight and ground hardware. New developments bring on higher effi- 
ciencies with improved cost-effective economies which must periodically be 
iiicorporatei' Mito the platform to maintain competitive operations. 
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Servicing concepts for mooting these requirements must also consider the 
time period of their application. As indicated earlier in the scenario dis- 
cussed, the 1990 time period was assumed for the introduction of the Advanced 
Communications Platform. It is not likely that manned capabilities will be 
extended to geosynchronous orbit in time to support this schedule. Manned 
geosync operations will probably appear during the 20 year lifetime of the 
platform, but should not be baselined into the initial platform servicing 
concepts. In this light, servicing options centered on remote- teleoperator 
concepts were selected for this study. Manned servicing, if cost effective, 
could perhaps be introduced later in the platform mission along with the 
updated growth mission electronics. 

Commensurate with remote servicing approaches and with the gross levels 
of configuration definition available in these early stages of system con- 
ceptual design, servicing considerations here have emphasized the changeout 
of major elements or modules. These would also apply to the module updating 
changeouts associated with system growth and technology advances. Some exanple 
replacement operations to meet these needs could Involve new ways to repair 
and/or add solar array panels without interrupting service, replacing failed 
CMC units or expended RCS propellant modules/quads and could also include ways 
to Install new power/signal wire runs for new technology elements without 
interrupting service. 

A final important servicing consideration is the issue of scheduled versus 
unscheduled maintenance. The relatively high costs for transportation to GEO 
will likely preclude early platform concepts planned solely around unscheduled 
servicing. However, once sufficient numbers of GEO systems designed for on- 
orbit servicing are in place unscheduled maintenance may have a more prominent 
role. If the proper levels of failure tolerance are designed into the GEO 
systems, the failures of several platforms could be "stored up" until they 
would utilize a full maintenance trip. With this concept servicing would be 
conducted on a demand basis somewhere between "pure" scheduled and "pure" 
unscheduled approaches. Since this study is aimed at early communications 
platform concepts a scheduled maintenance approach was selected with a 7-year 
servicing interval. 

The length of the interval was mainly based on current satellite design 
life values. Present designs typically offer a 7-year life. Increases in 
service life might be expected with future advances in reliability, but these 
would tend to be offset by increases in complexity associated with the high 
capacity communications platforms. This coupled with the possible further 
need for revisits to update and/or add capacity to the system led to the 
selection of the 7-year servicing interval for this study. 

All of the above scenario conditions result in the top level system 
requirements summarized in Table 3.1-1. These requirements form the basic 
framework from which the individual subsystems requirements and concepts were 
derived. 
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Table 3.1-1. Advanced Communications Platform Project Requirements 


Mission Objective 

• Provide order-of-magnltude Increase in U.S. space communications 
network capability 

Operational Time Period 

• 1990 IOC 

Operational Orbit 

• Geosynchronous equatorial, good access to U.S. 

Mission Flight Operations 

• Orientation — principal axes, Y-POP and Z-nadir 

• Comm, antennas precision steer with RF autotrack 

• Platform performs E-W and N-S stationkeeping 

• Continuous, uninterrupted communications services are desired 

• Platform service life — 20 years 

Construction and Orbit Transfer 

• Design for construction in LEO 

• Design for low-thrust chemical propulsion LEO-to-GEO 
orbit transfer 

Servicing 

• Design for seven-year service interval 

• Consider remote teleoperator available initially 

• Consider direct man-in-the-loop for growth only 

• Consider design goal to provide servicing without 
interrupting communications services 

Growth 

• Consider ways to add communications capacity 

• Consider need for updating electronics to rapidly 
progressing technology 

• Consider design of growth installations to preclude 
interruptions in communications services 
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3.2 CONFIGURATION DESCRIPTIONS— ADVANCED COMMUNICATIONS PLATFORMS 

Two structural arrangement concepts were developed to Implement the commun- 
ications platform requirements as discussed in Section 3.1, Project Scenarios. 
Figures 3.2-1 and 3.2-2 Illustrate these two concepts. Except for minor varia- 
tions, such as the arrangement of the antennas and the attaching concept of the 
system control module, most of the subsystems are identical between the two 
concepts. The variations are a result of the different structural arrangement 
concepts selected for development in this study. 

The figures Illustrate a composite of the three configurations for each 
concept. The configuration in LEO just prior to orbit transfer will be as 
illustrated except that all of the antennas will have their feed horn folded 
as shown on one of the large antennas. The GEO operational configuration will 
have all of the antennas extended, but will only have two propulsion modules 
remaining. The three first-stage burn propulsion modules will have been jetti- 
soned. The third configuration is the LEO checkout arrangement which will have 
all antennas deployed, but the orbit transfer modules will not have been 
Installed at this time. Drawings 42662-25, Erectable Communications Platform, 
and 42662-26, Space-Fabricated Communications Platform, define these two 
concepts (Appendix A) . 

3.2.1 Configuration Description - Erectable Communications Platform 

This antenna platform concept consists of an erectable type structure 
assembled of tapered struts with ball end fittings engaging receptacle type 
unions. The solar array produces 133 kW of electrical power which includes 
a 50% allowance for growth. The GN&C system utilizes CMG's and RCS for 
attitude control and stationkeeping. The platform is boosted to its operating 
orbit utilizing low-thrust chemical fueled engines. The 16 antennas are arranged 
in two groups (1) eight 4-6 GHz "C" band receivers and transmitters and (2) 
eight 12-14 GHz "K" band receivers and transmitters. Growth capability for 
additional antennas are also provided. 

During orbit transfer the solar arrays are folded parallel to the longi- 
tudinal axis of the platform which is also the direction of acceleration. 

Each antenna horn and boom support is also retracted during the orbit transfer 
mode. The reflector portion of each antenna, however, is in the deployed posi- 
tion. 


The platform structure consists of double tapered tubes with ball-type 
end fittings. The tubes are formed from two conical tubes jointed at their 
large ends. This concept permits "dixie cup" type packaging of the structural 
members for transport. Most of the tube assemblies are joined to each other 
through a receptacle type of union member, creating a pinned joint. However, 
the antenna mounting concept requires fixed-type joints in order to react the 
orbit transfer thrust loads. For this condition, the strut ends and the 
receptacles are des .gned to transmit moments. The support arrangement for the 
RCS pods, the systems module, and the orbit transfer propulsion modules utilize 
struts arranged to form A-frame reaction members. This arrangement results in 
only axial loads being Introduced into these members. Most of the struts are a 
common length and size. However, the two load conditions described above use 
unique struts to fulfill their individual requirements. 
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Figure 3.2-1. Erectable Commuitlcatlons Platform Concept 
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Figure 3.2-2. Space Fab. Communications Platform Concept 
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The struts are assembled into a linear, pentahedral, structural arrange- 
ment. The size of the pentahedrons are dictated by the reach envelope of the 
orblter BHS required for assembly of the struts. The size of the individual 
struts is dictated by the orbit transfer induced loads and by the control 
stiffness required. 

All of the larger modular items such as the antennas, the GN&C/ATT&C mod- 
ule, the orbit transfer engines, and support structure are attached to the 
structure via berthing ports. The berthing port concept is the three-petal, 
neuter concept, baselined for the Shuttle orblter. Because all of the berthing 
activities are accomplished by using the orblter RMS, no velocity attenuation 
is required. Consequently, the berthing ports, both on the structure and on 
the modules contain no atteniiation systems. Structural latches are provided 
only on the mating module. This permits a final checkout of the active latching 
system on the ground immediately before transport and assembly in orbit. A 
utilities interface is provided at each berthing port and each Interface will be 
unique to its particular utilities requirements. 

Smaller units such as the electrical junction boxes may be secured to the 
struts with clamping- type devices that are compatible with the structural cap- 
ability of the struts. The electrical lines may also be secured to the struts 
with clamping-type wire-supporting clips. 

The solar arrays are mounted to a rotary joint which provides a 260 ° 
rotation capability perpendicular to the orbit plane. A 24^ nodding capabi- 
lity la also provided to permit full sun illumination during all sun beta 
angles. A folding capability for orbit transfer is also provided. The orien- 
tation of the solar array wings minimizes platform disturbance torque caused 
by solar pressures. Each solar array wing consists of four SEPS concept panels. 

The battery power storage system which is sized to provide continuous 
operation during the orbit eclipse periods is packaged into three independent 
units. Each package of batteries include the battery chargers and controls, 
thermal control insulation and meteoroid protection, and its own heat rejection 
radiator system. Each unit is a replaceable item. 

The rotary joint provides for the power transfer from the power generation 
system to the platform through a slip ring assembly. Data and control signals 
between the central control processor and the power generation system is also 
transferred thru the rotary joint via a dedicated slip ring assembly. The 
rotary joint as a unit or subassembly is attached to the platform structure 
via a berthing port. A power and data/control signal Interface is also esta- 
blished at this joint. 
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A system module containing the GN&C QIC's and sensor, the TT&C receivers, 
transmitters, antennas, etc., and a central data/signal processor is provided 
In a centrally located position on the platform. Thermal control, meteoroid 
protection, and heat rejection radiator systems are provided as part of the 
module to support these systems. 

A communications message switching control unit Is centrally located 
within the C>band antenna complex and a similar unit Is also centrally located 
within the K-band antenna complex. 

The last items to be Installed will be the orbit transfer propulsion mod- 
ules. The propulsion modules attach to the supporting structure utilizing 
berthing ports to effect the joint and to establish the lines interfaces. The 
five modules are arranged to permit an initial firing of three modules^ and 
staging to two modules. The three initial modules will be jettisoned during 
the staging operation. Both the initial and final stages will be aligned to 
thrust through the c.g. of the platform. 

The complete platform less the propulsion modules has an estimated weight 
of 60,500 kg (133,400 lb). 

Trades 

A trade-off study was made concerning the location of the solar arrays. 

Figure 3. 2. 1-1 represents the two configurations evaluated. Concept "A" has 
the total solar array located at one end of the platform opposite to the orbit 
transfer propulsion system. During orbit transfer the solar arrays are folded, 
as shown. This arrangement induces only tension loads on the solar array which 
can be accepted by the solar array deployment and support system and by the 
individual solar panels. 

The alternate arrangement. Concept "B", places the solar arrays on each end 
of the platform. This arrangement has the advantage of providing a more balanced 
configuration which would be particularly advantageous to the sizing of the CMG's. 
This balanced arrangement would eliminate the solar pressure torque disturbance. 
Since the sizing driver for the CMG's is the solar pressure influence, the CMG's 
may not be required for this concept. The RCS propellant quantities would also 
be significantly reduced with the elimination of the CMG dumping requirement. 

However, this arrangement would require an additional rotary joint, and 
additional power distribution lines. The additional rotary joint, however, 
could very well balance out the cost of elimination of the CMG's. Considera- 
tion of the reliability of the two power generation systems could require 
greater power capability in each system to account for a failure mode. Con- 
sideration of the orbit transfer mode imposes the issues of array folding and 
thrust loads. The arrays, folded parallel to the thrust axis as shovm, induce 
undesirable compression loads on the array system. Folding the arrays to permit 
tension loads only as depicted in Figure 3. 2. 1-1 (Concept B') exposes the solar 
panels to propulsion module plume impingement which is undesirable also. 
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Figure 3.2.1>1. Solar Array Location Concepts 
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Coasequently, the array location, aa shown in Concept A, was selected 
for this phase of the construction sysCMne analysis study. 

3.2.2 Conflauratlon Descrlptlon--Trl-Bean Space-Fabricated Platform 

Hany features of this configuration are similar if not Identical to those 
of the erectable concept of the conmunicatlons antenna platform. Consequently, 
this description will concentrate on chose features that are unique to this 
concept. 

This concept represents an antenna platform consisting of a space fabri- 
cated structure, 133 kW of power, including a SOZ growth allowance, and a 
low-thrust cbonical-fueled orbit transfer system, with a G&N OfG/RCS control 
system. The 16 antennas are arranged in two groups: (1) eight 4-6 GHZ C-band 

receivers and transmitters, and (2) eight 12-14 GHz K-band receivers and trans- 
mitters. Growth capability for additional antennas is also provided. 

During orbit transfer, the solar arrays are folded parallel to the longi- 
tudinal axis of the platform which is also the direction of acceleration. The 
antenna horn and boom support is rctrsotcd during the orbit transfer mode. 

The reflector portion of the antenna remains in the deployed position. 

The platform structure consists of members fabricated in orbit by ' single 
beam builder and assembled by use of appropriate fixtures. The configuration 
is dictated by the reach envelope of the arbiter RMS, by the loads induced 
during orbit transfer, and by the required control stiffness. The individual 
beam configuration and the beam builder device are from the General Dynamics 
SCARE study concepts. 

The installation of the larger modular units utilizes the berthing port 
concept. The description of this installation concept is identical to that 
discussed for the erectable antenna platform concept. 

Smaller units such a the electrical junction boxes will be secured to 
the structure with clamp-type devices that are compatible with the structural 
beam configuration and load capability. 

The electrical lines are secured to the structure with special clips. 

The clips may require pre-punched holes in the post members of the beams. 

The electrical power generation system, including the solar arrays and 
the power storage battery arrangement, and the rotary joint through which the 
electrical power is transmitted to the antennas and subsystems, are identical 
to the concept description for the erectable platform. 

The systems module contents and installation concept are identical to 
that of the erectable platform, as also Is the rommunicatlons message switch- 
ing control units. 
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Vr,£ Uat ittma to ba Inatallad trill be the orbit tranafer support structure 
and the orbit transfer propulsion leodules. The support structure interfaces 
with the three longitudinal meabera of the platform structure by means of berth- 
ing ports. The propulsion modules attach to the supporting structure in the 
sane manner. 

The five nodules are arranged to permit an initial firing of three nodules 
and stag^ to two modulaa. Tha three toitial modules will be jettisoned during 
the staging operation. Both tha initial and final stages will be aligned to 
thrust thru the C.G. of the platform. 

The eos^late platform* lass the propulsion modules* has an estimated 
weight of 61*000 kg (134*200 Iba). 
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3.3 SUBSYSTEMS DEFINITION 

DatAlled descriptions of the subsystens for the two Advanced Conmunica- 
tlons Platfoma projects are presented in the following section. In each 
subsystem discussion there is an introductory summary description which 
includes design requirements, a detail description, and a discuasion of 
ratirncle or analytical effort accomplished to support the design of the 
subs/3tr4D. The structural subaystems for the erectable platform and the 
apace-fabricated platform are separately described in Sections 3.3.1 and 
3.3.2, respectively. However, the rmsaining subsystems discussions include 
considerations for both platforms, since only minor differences are required 
between them. The order of subsystems presentation is: electrical power, 

microwave, thermal propulsion, attitude and velocity control, and TT&C. As 
for the previous project, the mass properties statement and construction 
requirements follow the subsystems definition. 
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Th« objectives of the structural engineering reviews and analyses conducted 
in this space construction study were: 

• To ensure construction oystem study realism by representing 
structural configurations that are Indeed suitable for the 
total spectrum of mission requirements. 

To ensure identification and imderstanding of those 
particular requireBents for structural integrity i4ilch 
si^ificontly impact contruction. 

* To support the total systems weight analysis through defin- 
ition of component structural sizes. 

Erectable Structure Configuration Description 

The structural configuration of this erectable communication platform, 
pictorially described on Drawing 42662-25 (Appendix A), is that of a penta- 
hedral truss. The truss typical bay dimension of 12 meters presents a tn hj 
12 m wide and 8.48 m high, with a total length of 240 m. This truss is the 
basic strongback to which the 6.0-, 7.5-, 13. 8-, and 20. 5-meter-diameter 
communication antennas, solar panel array, thrust structure and propulsion 
modules, control moment gyro package, and RCS thruster modules are mounted. 

All of the foregoing items (except the antennas) are mounted to the strongback 
through pin-ended axially loaded truss-type transition structures. The 
antennas, however, are mounted to berthing ports that are supported by the end 
moment carrying longitudinal and lateral members (Figure 3. 3. 1-1). The moment 
carrying Joints are not only required to sustain the orbit transfer thrust- 
induced moments, but to provide a necessarily rigid platform for the antenna 
in order to maintain the required pointing accuracy. The top longitudinal and 
pyramidal members, however, utilize pin-ended joints. 

The significant differences In structural requirements placed upon the 
bottom longitudinals, bottom diagonals, laterals, top longitudinal, and pyra- 
midal members comprising the basic pentahedral truss bay resulted in three 
different element sizes. However, all of the elements are tapered to permit 
"dixie cup" packaging in the orbiter. The alternative of making all these 
Bwmbers the same would result in a structure weight penalty of 2270 kg (5000 lb). 
To the maximum extent practical, the trusses supporting the solar panel array 
and RCS thruster modules are constructed of 12-m-long tapered tubes. This 
was not practical, however, for the gyro package and thrust structure 
(Figure 3. 3. 1-2), where a mix of element lengths is unavoidable. 

The referenced configuration drawing illustrates (on Sheet 1) the commun- 
ication antenna platform in the operational mode. Sheet 2 illustrates the 
configuration during thrust (T/W ■ 1.96 N/kg) for transfer to geosynchr4)nous 
orbit. As shown, the antenna feed column masts are stowed t%) preclude a prohib- 
itive penalizing of the antenna feed column design, large thrust vector Inclin- 
ation, and prohibitive joint moments. The solar panels are stowed to avolc 
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penalizing its structural design. The antenna reflector, however, is deployed 
to eliminate the risk of deployment at geosynchronous orbit and because 
antennas of this size are designed for 1-g ground deployment with the electri- 
cal axis oriented horizontally (according to Reference 1). The reflector weights 
and moment arms are small compared to that of the feeds. 

Attention is directed to the manner of antenna support. The attachment of 
the antenna reflector/feed column assembly at the base of the feed column, 
rather than at the base of the reflector, reduces the feed column stiffness 
requirements — particularly the GJ requirement. 

To minimize the thrust loading impact on the reflector support column, 
the antennas are oriented to produce tension in this element during thrust. 

The detailed structural requirements and analyses that directed the 
structural design of this communication antenna platform structure are 
described herein. However, for review convenience, a summary of the most 
significant requirements and design capability are shown In Table 3. 3. 1-1, 
and in further detail in Table 3. 3. 1-2. 

Structural Requirements 

The foregoing discussed configuration has been reviewed and analyzed to 
a level of detail compatible with the previously stated objectives. The 
reviews and analysis conducted were based upon the following requirements. 

Orbit Transfer Thrust . The structure must sustain the loads induced dur- 
ing transfer from low earth orbit to geosynchronous orbit, in conjunction with 
the associated thermal gradient Induced loads. The thrust loading results from 
the particular erectable communication antenna mass distribution defined In 
Section 3.4, exposed to a T/W = 1.96 N/kg (0.20 ). At this stage of the 
study maturity, to preclude any significant load amplification, each of the 
four thrusters provided per propulsion module will be started sequentially to 
provide a total thrust rise time two times greater than the minimum mode 
structural frequency period. 

Orbit Transfer Configuration — Minimum Modal Frequency Requirement . The 
structural stiffness must be compatible with the guidance and control system 
to minimize delta-V losses to acceptable levels. This requirement has not been 
firmly established, but is discussed in Section 3.3.7. 

Mlscells eous Loads . A review of this configuration in conjunction with 
prior study expsrlence has indicated that docking, gravity gradient, solar 
pressure, aerodynamic drag, and RCS thruster loads for stationkeeping and 
attitude control are negligible compared to the thrust loading. 

Operational Configuration — Minimum Modal Frequency Requirement . To permit 
the guidance and control system to maintain the antenna "short term" pointing 
accuracy wi hin 0.03 degree, the overall structural configuration minimum 
modal frequency must be greater than 0.005 Hz (see Section 3.3.7). 
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TABLE 3. 3. 1-1 


REQUIREMENT 

ORBIT TRANSFER • TAM • ^ 

TOTAL WEIGHT -140JOM 
LBS 

TOTAL THRUST -28.0BB 
LBS 


Erectable Comminlcatlons Platform Structure - 
Requirements/Capability 

DESIGN CONCERN/IMFACT 

^^^^^^^TORUST pentahedral TRUSS^OLUMN 


BASE LONGITUDINALS- 
BEAM/COLUMN 





BASE 

LOGITUOINAl 

STRUTS 


LATERAL 

STRUTS 


APEX. 

LONGITUOIAL 

STRUT 


MOUNTING' 

SECTION 


'SPACE 

FRAME 


TRUSS LATERALS - RIGIDITY 
FOR ANTENNA SUFPORT 


APEX LONGITUDINAL - 
COLUMN BEHAVIOR 


RCS MODULE. GYRO PACKAGE, 
SOLAR PANEL, PROPULSION 
MODULE 


DESIGN CAPABILITY j 

ULTIMATE AXIAL LOAB- 42B8B LBS 
LBS 

CAPABILITY •7BB6B LBS 


DESIGN SATISFIES 
ULT AXIAL LOAO*4838LBS 
ULT MOMENT - 81 LB Ml. 


ULT AXIAL LOAD - 20.128 LBS 
CAPABILITY 25B0B LBS 


SUPPORTED BY SPACE FRAMES OF 
PIN-ENDED MEMBERS 


'TRUSS SECTION 


MINIMUM MODAL 
FREQUENCY >008 HZ 

goiu^nsiakal 

STABILITY— 18 MIN. 

• STRUCTURE ALLOCA- 
TION - 6 MIN. (1 LB 
THRUSTERS) 


MINIMUM MODAL FREQUENCY 


1ST MODE (BENDING) - .14 HZ 


MINIMUM MODAL FREQUENCY FIRST MODE (BENDING) ■ B26 HZ 


iovERall TRUSS DEFLECTION 
I LOCAL LATERAL DEFLECTION 
lANTENNA FEED DEFLECTION 
> ANTENNA REFLECTOR 
1 DEFLECTION 


«SMIN. 






Spaet Sytiwm Group 




Rockwell 

international 


ALL SIX 
SHOWN 


TYPE (A) 
TYPE (B) 
TYPE (C) 


ALL SIX 
SHOWN 


Table 3. 3. 1-2. Pentahedral Truss Element 
Compression Loads and Sizes 


ELEMENT 

ULTIMATE 
AXIAL 
LOAD (N) 

ULTIMATE 

MOMENT 

(N/m) 

MAXIMUM 

DIAMETER 

(cm) 

MINIMUM 

DIAMETER 

(cm) 

WALL 

THICKNESS 

(cm) 


TYPICA 

L BAY 1 

1-2 

89,530 

- 

44.2 

22.1 

0.089 


44,750 

- 




4-5, 5-6 

21,500 

10,280 

30.0 

24.1 

0.122 

4-6 

4,630 

- 

20.0 

10.0 

0.071 

1-4, 1-3, 
1-5,1-6 

6,365 

- 

20.0 

10.0 

0.071 


SOLAR PANEL SUPPORT STRUCTURE 


18,600 - 30.5 


THRUST STRUCTURE 


18,334 
< (A) 


15.25 


9.5 

9.5 

15.25 


6,230 


RCS SUPPORT STRUCTURE 


20.0 


0.071 
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Dimensional Stability . The dimensional stability of the operational con- 
figuration in the presence of thermal gradient, stationkeeping, and attitude 
control forces must be compatible with the total system "long term" antenna 
pointing accuracy requirement of 0.3 degree, or 18 minutes. The portion of 
this error allocated to structure is 6 minutes. 

Launch Environment . All the structural elements must sustain the cargo 
bay launch environment. Of particular concern is the stacked arrangement of 
nested "dixie cup" tubes. 


Structural Analysis 


The structural analyses performed to support the design definition and 
verify the suitability of the structural configuration to satisfy the foregoing 
requirements are delineated herein. These analyses utilize a safety factor of 
1.5 applied to limit load. 

Euler Column Stability Analysi8-~0rblt Transfer . The Euler column stabil- 
ity analysis fur the orbit transfer loading is similar to that shown in 
Section 3.3.2, except the pentahedral truss depth of 8.48 m (width — 12 m) 
provides a significantly greater minimum moment of inertia of 0.0427 m** 

(103,000 in.**). The same loads were used. 


The distributed load capability is determined, by ratio, to be pa 
8.05xl0'*N (179,000 lb). This loading could not be achieved by simple com- 
pression stress considerations; however, 40.4xl0'*N (90,000 lb) is compatible 
with a peak ultimate compression stress of 2.5xlO^N/m^ (36,000 psl). With a 
safety factor of 1.5, the allowable load ■ 27.0xlrf*N (60,000 lb), or 3.75 times 
the applied limit load of 7.2xi0"N. 


Pentahedral Truss Element Sizing . Table 3. 3. 1-2 describes the structural 
dimensions of the individual elements of the pentahedral truss Illustrated in 
Figure 3. 3. 1-2. The sizing of these elements is described next. 


All of the members subjected to axial compression without significant 
bending have a taper of 2:1. These members are sized so that the allowable 
axial compression load P > 5.7 Elm/ail^, where Im is the maximum moment of 
inertia and a is a factor to preclude magnification of thermal gradient Imposed 
deflection and other secondary effects. The factor a was at least 1.3. 

The lower longitudinal members (Elements 4-5, and 3-6 in Table 3. 3. 1-2) 
must sustain the peak axial load shown of 44,750 N (10,060 lb), adjacent to 
the thrust structure, and an axial compression of 21,500 N, and concurrent bend- 
ing moment of 10,280 N m (91,000 lb in.) due to acceleration of the heaviest 
antenna mass; l.e., the 7.5-meter antenna. The taper of this column is 1.24 
to 1 and was checked to satisfy the 44,750-N load by P = 8.25 Elm/aJl^. Here, 
too, the minimum value of a was 1.3. The member critical loading was the 
combined beam column loading for which the standard beam column analysis was 
used. 


3-26 


AlutAljuk 

OWW VfWMIW UIVIWvll 

•pMt Sjrtlwm Qioup 


^1^ Rockwell 

IntomalioiMil 


The peak compression stress was limited to 2.5xl0^/m^ (36,000 psl) . The 
wall thickness provided was sized for the local buckling criteria of 0.30 E t/r 
(bending) . 

Orbit Transfer Configuration Modal Analysis . The minimum modal frequency 
of this communication antenna platform was determined by ratio from the analysis 
data shown in Section 3.3.2. Since the pentahedral torsional stiffness is sig- 
nificantly greater than that of the tri-beam, the minimum mode will be due to 
bending. The El of the pentahedral truss is 4.3 times that of the tri-beam. 

The modal frequencies are therefore estimated to be 0.140 and 0.170 Hz at 
beginning and end of burn, respectively. 

Operational Conf iguration Model Analysis. To determine the 
minimum natural frequency of the operational configuration of this 
communication antenna platform, the antenna structure stick models shown in 
Figure 3. 3. 2-5 were applied to the structure shown by the CRT plot (Figure 
3. 3. 1-3). Since the antennas are mounted to the pentahedral trusss through 
berthing ports, with base rigidity dependent on the local bending character- 
istics of the individual elements, the structure was modeled to include this 
effect. 

The NASTRAN analysis first modal frequency of 0.026 Hz is shown by the 
CRT plot on Figure 3. 3. 1-4 and is determined by the solar panel deflection. 

The El and GJ characteristics of the solar panel boom, respectively, were 
6.9x10*^ and 52x10*® N/m^. The boom is a truss of triangular cross-section 
having a side dimension of one meter. The significant number of parameters 
affecting the stated first modal frequency is apparent. The significance of 
the analyses is that a frequency above 0.005 Hz is achievable. 

Dimensional Stability Analysis . Several discrete analyses were performed 
to determine the antenna platform dimensional stability quality. 

The antenna feed column thermal gradient deflections (Table 3. 3.2-2) 
were based upon a 28°K (SO^F) gradient across the column tubular members, and 
a coefficient of expansion of 0.36x10”® m/m/ °K for the graphite composite 
materials. 

A summary of the thermal and inertia induced rotations are shown in 
Table 3. 3. 1-3. The data pertaining to attitude control are based on one-pound 
thrusters. 

The major rotation (Table 3. 3. 1-3) is 3.3 minutes and is due to a thermal 
gradient of 122®K (220°F) across the pentahedral true;, laterals (member 5-6, 
Figure 3. 3. 1-2). The gradient shown is described in Section 3.3.5. 

On the basis of the rotations shown, which are not all necessarily con- 
current, or at the same point, or about the same axis, it is reasonable to 
expect the total rotational error will not exceed 6 minutes, as required. 
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Figure 3. 3. 1-4. First Mode Shape- 
Solar Panel Array 
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Table 3. 3. 1-3. Erectable Communication Antenna Platform Rotations 
(Themal/Attltude Control Torque ) 


Source 

Antenna 
Feed Column 
(min.) 

Antenna 

Reflector 

Pentahedral 

Truss 

(min.) 

Local Truss 
Elements 
(min.) 

Thermal 

to 

<0.5 

0.5 

(roll axis) 

3.3 

(pitch axis) 

Attitude 

Control 

<0.10 

<0.10 

<0.10 

<0.10 


Dlxle-Cup Cargo Bay Stacking . The natural frequency of the 20 cm(8-ln.) 
diameter elements as stacked in th cargo bay was estimated to be 6.4 Hz 
(30 struts in stack). It is expected that a soft system to support the stack 
may be required for attenuation. 

REFERENCE 


1. Lockheed Wrap Rib Parabolic Antenna, Lockheed Corporation, 
LMSC A969503. 


3-29 















3.3.2 8paee~Fabrleated Trl~Beam Structure Definition 
Oblectlves 

See Section 3.3.1. 

Space-Fabricated Tri»Bean Configuration Deecription 

The Btructural configuration of this space-fabricated communication antenna 
platforatt plctorially described on Dwg. 42662-26 (Appendix A) is that of a tri- 
beam with outriggers. The tri-beam utilizes the machine-made beam element 
(Figure 2. 3. 1-1), currently being developed by General Dynamics under contract 
NAS9-1S310. as the basic structural member from which the tri-beam is fabricated. 
However, its basic cap thickness, diagonal chord diameter, and pretension have 
been increased. These increases are within the permissible envelope of changes 
(per conversation with the General Dynamics study manager) . The tri-beam cross- 
section has a side dimenaton of 4.2 m (cen;er-to-center of beam element) with 
truss behavior provided by the "X" system of diagonal tension cables (6.4-mm- 
diameter graphite composite). The individual bays are 10 m on center. 

The tri-beam is the basic strongback to which the orbit transfer propul- 
sion modules, solar panel array, and control moment gyro package are mounted. 

The 6.0-, 7.5-, 13. 8-, and 20.S-meter antennas and RCS thruster modules are 
mounted to outriggers which are the extension of the tri-beam laterals. 

The four RCS thruster module packages will be placed so that their center 
of oiass (associated with orbit transfer) will be nominally on the neutral axis 
of the outriggers. The lateral braces shown are provided to preclude excessive 
lateral bending loads on the outriggers. 

The control moment gyro package is utilized as a strongback to span 10 m 
as shown, and Introduce acceptable levels of axial and shear loads into the 
tri-beam during orbit transfer thrust. 

The antenna reflectors are deployed during the orbit transfer thrust man- 
euver (see Section 3.3.1). To minimize the Induced moment about the outrigger 
longitudinal axis (torsion) the antenna reflector and feed column configuration 
are oriented as shown in the left-hand portion of the drawing. Nevertheless, 
the torsional moments imposed by the 20.5-m and 13.8-m reflectors would be 
sufficient to Induce excessive angles of twist if the bracing shown were not 
provided. 

The thrust structure concept (Figure 3. 3.2-1) is a rigid frame comprised 
of 30-ln. by 30-in. box trusses, configured to attach to the end of the beam 
elements. Since the individual box members are subjected to high shear, bend- 
ing and torsional moments, the design provides high GJ, El, and KAG character- 
istics. Also, if necessary, self-aligning ball joints can be provided in the 
box truss side of the Interface to preclude local moments being imposed on the 
beam elements that would be additional to the peak axial load. 

The detailed Btructural requirements and analyses that directed the 
structural design of this communication antenna platform structure are 
described herein. However, for review convenience, a summary of the most 
significant requirements and design capability are shown in Table 3. 3.2-1. 
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Figure 3. 3. 2-1. Thrust Structure Configurations 

























Structural R«qulrwi«nti 

The epece-fabricated tri-baam atructural requireuenta are Identical to 
that delineated in Section 3.3.1 for the pentahedral truaa. 

Structural Analyaia 

The atructural analyaaa performed to support the design definition and 
verify the suitability of the structural configuration to satisfy the foregoing 
requirements are delineated herein. These analyses utilise a safety factor of 
1.5 applied to limit load. Since the baseline General Dynamics beam is used, 
Figure 2. 3. 1-1 presents the basic beam significant structural characteristics, 
except that the A, AE, I, and El values have been Increased by a factor of 
2.33. The GJ values have been increased by a factor of 4. 

Euler Column Stability Analysis 

The basic Euler Column stability analysis is performed, as follows, for 
the limit loading shown in Figure 3. 3. 2-2. This loading was derived from a 
i7W >’1.96 N/kg (.20) applied to the total mass distribution of this platform 
(mass ■ 63,636 kg). 


1l9,<lOON 18.300 N 

►SEIZ 


I 


90 M 


UNIFORH LOAD, 

TOTAL - 72,400 N 28.700 N 



140 H 


230 M 

o 


Figure 3. 3. 2-2. Tri-Beam Column Loading 
— Orbit Transfer Configuration 

Referring to Reference 1 (Table 34, Case 3b (pinned ends)] and interpolat- 
ing for a/i ■ 0.609, P/Pa ■ 0.4, K - 0.97. The allowable distributed load is 
determined from Pa ■ Kx*EI/i*, where I • 0.00994 m'*(23,940 in.**) for the 4.2-m 
wide tri-beam, containing caps with an effective thickness ■ 1.78 mm (0.070in.). 


Hence, pa (allow) 


0.97tt*(1.43*10“)(0.00994) „ 

(230)1 25.7>«10r 


This value is reduced by 72 by shear deflection effects on the 6.4-mm-diameter 
X-bracing. Applying a safety factor of 1.5, and the 72 reduction, the allowable 
distributed load “ 16.0><10'‘N (35,980 lb). Since the applied load is 7.24>^l(y'N 
(Figure 3. 3.2-2), a factor of 2.2 lemains to preclude any significant magnifi- 
cation of the offset moments, and secondary raomeuCs due to fabrication induced 
non-straightness (related to tolerance in cable tensioning), and thermal 
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gradient induced bending. The factor of 2.2 Is regarded as marginally adequate 
however, an increase in tri'beam depth from 4.2 to 5.6 meters can be Introduced 
(if ncceaaary) with no other configuration impact. The desirability of this 
depth increase is further discussed later in this section. 

It is pertinent to note, that the compression loads due to pretension of 
the diagonal chord and X-bracing of the tri-beam are included in the local 
cap stability considerations but not in the foregoing Euler stability analyses. 
The Euler column stability is not influenced by the pretension loads (see 
Section 2.3.1). 

Machine-Made Element Strength Review 

Of primary concern is the peak axial loading induced in the individual 
open-section cap of the marhine-made beam element. The peak ultimate axial 
load ■ 24,920 N (5600 lb) at the gyro package station. As stated in 
Section 2.3.1, the analysis presumes, pending a static test of the prototype 
beam, that the individual cap ultimate load capability is 6583N (1480 lb) 
for the baseline 0.030-gauge cap, 1 e., the value quoted in Reference 2. The 
baseline design is not limited by Euler buckling, but by local buckling and 
torsional buckling criteria. It is expected that use of the 0,070 gauge, 
which was provided for sufficient El to satisfy the overall tri-beam Euler 
column stability requirement, increaseb the 6583 N value as described below. 

In metals, the total axial load capability governed by local buckling 
criteria would be increased by the ratio of the thickness cubed. The torsional 
stiffness has the same ratio of increase. This ratio (2.33)’ is a factor of 
12.66. For composites, this value may be somewhat less. Conservatively using 
the ratio squared, the allowable load is 35,700 N (8000 lb). In view of the 
foregoing, although the baseline design exhibited a reduced .".xial stiffness 
above 2540 N because of local buckling, significant reduction is not expected 
in this design. 

Of primary concern to this strength review, is the machine-made beam- >- 
beam joint capability. Figure 3. 3.2-3 Illustrates the local tension loading 
resulting from joint moment. The concern i' the transverse bending induced 
in the laminate. It Is strongly expected that a reinforcing member will be 
required across this joint, and planned for. in the constr tion analyses 
within this study. 

X-Brsetng (Diagonal) Prstsnslon Analysis . It is also important to 
ensurs that tha 6.4-mm-diaiMtsr (0.25-ln. ) graphics X-bracing tension cords 
are maintained in tension during thrust to ensure their function. The follow- 
ing analysis addrebses this issue and is bastd on a cord pretension stress of 
1.66>^10*N/m^ (24,000 psi). 
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Figure 3. 3.2-3. Beam-to-Beam Load Conslderatlonu 
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• The peak ultimate longitudinal shortening of the 
caps in the 10-meter bay 

<, 24.920x10x100 
49x106 

• The cord length change with a lll'*K 
temperature increase (along the X-axis) 

• The cord length change due to peak ultimate 
vertical shear (along the X-axis) 


Total 

The limit cord pretension Induced elongation 

1.66x106x10.84x100 = 0.87 cm 
“ 2.07x10“ 

The cord pretension induced initial elongation along the X-axis = 0.80 cm. 
The remaining effective elongation = 0.106 cm (0.04 in.). It is pertinent to 
note that the loss of pretension due to vertical shear will be avoided by relo- 
cation of the solar panel center of mass from the lower elements of the tri-beam 
to the upper element. This will place the total c.g. on the neutral axis of the 
tri-beam and essentially eliminate the vertical shear. The remaining effective 
elongation would then = 0.284 cm. Relocation of the solar panel also will pro- 
vide a point of contraf lexure in the orbit transfer load induced bending moment 
and, hence, Increase the Euler capability and decrease the transverse deflection. 

Orbit Transfer Configuration Modal Analysis . The analysis performed to 
estimate the minimum natural frequency of this communication antenna platform 
in the orbit transfer mode is discussed herein. As stated in Section 3.3.1, 
the antenna feed columns and solar panel are stowed. Presently, a minimum 
requirement has not been established. The minimum modal values are therefore 
presented for future guidance and control evaluations. 

The analysis was performed on NASTRAN for both the start of orbit transfer 
(all five propulsion modules full) and end burn (two empty modules). The mass 
distribution used was consistent with the weights shown in Section 3.4. A 
stick structural model was used representing the El, AE, KAG, and GJ character- 
istics of the tri-beam. The following data were obtained: 

Start of Orbit Transfer 

First mode (torsion) frequency = 0.044 Hz 

Second mode (bending) frequency = 0.070 Hz (Figure 3. 3. 2-4) 

End Burn 

First mode (torsion) frequency = 0.062 Hz 
Second mode (bending) frequency = 0.085 Hz 

It is pertinent to note that an increase in tri-beam depth to a 5.6-meter design 
will Increase the first and second mode frequencies quoted by a factor of 1.33. 


» 0.51 cm 

= 0.004 cm 

= 0.18 cm 
= 0.694 cm 


^1^ RockwwII 
^1^ Intematlofial 
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Figure 3. 3. 2-5. Antenna Structure Stick Model 
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Operational Configuration Modal AnalysiB . To determine the minimum natural 
frequency of this communication antenna platform. It was necessary to estimate 
^ the structural characteristics of the 20. 5-, 13. 8-, 7.5-, and 6-meter-d lame ter 

> antenna feed columns, reflector structure, and reflector structure sunnort boom. 

The El and GJ data shovm In Table 3. 3. 2-2 were derived from analysie of the 
I derived stick model shown In Figure 3. 3. 2-5. The GJ and El data shown were 

^ determined to provide a natural frequency at least = 0.10 Hz for the antenna 

I mounted to an Infinitely rigid base. 

The antenna structure data shown were Incorporated Into a stick model con- 
taining the trl-beam El, GJ, AE, and KAG characteristics, with the actual beam 
element arms to support the antennas and RCS modules. The solar panel and gyro 
package were supported by rigid elements. Figure 3. 3. 2-6 presents the first 
modal frequency obtained from the described NASTRAN model. The frequency Is 

0.020 Hz (0.005 required) and was driven by the 20-m-dlameter antenna feed dis- 
placement . 

The significant number of parameters thitr. affect the stated first modal 
frequency is apparent. The significance of the analysis Is that the 
frequency above 0.005 Hz Is achievable. 


Dimensional Stability Analysis . Several discrete analyses were performed 
to determine the antenna platform dimensional stability quality. 


The antenna thermal gradient deflections shown In Table 3. 3. 2-2 were based 
upon a 28°K (50°F) gradient across the structure, and a coefficient of expansion 
of 0.36xl0~®m/m/“K for the graphite composite materials. 


A summary of the thermal and Inertia-Induced rotations are tabulated 
below. The data pertaining to attitude control are based on use of 4.A5 N 
(1-lb) thrusters. 


Source 

Antenna 
Feed Column 
(min.) 

Antenna 

Reflector 

(min.) 

Tri-Beam 

Structure 

(min.) 

Local Tri-Beam 
Element 
(min.) 

Thermal 

2.1 

<.5 

1.1 " 
yaw 

axis) 

<.30 

Attitude 

Control 

<0.10 

<.10 

1.8 

axis) 

<.10 


On the basis of the rotations shown, which are not al] necessarily concur- 
rent, or at the same point, and about the same axis, it is reasonable to expect 
the peak error will be less than 6 minutes, as required. 

REFERENCES 

1. R. J. Roark and W. C. Young, Formulas for Stress and Strain , 

New York, McGraw-Hill . 

2 . Space Construction Automated Fabrication Experiment Definition 
Study (SCAFEDS) — Convair Division, General Dynamics, CASD-ASP7 7-017 
(26 May 1978). 
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Table 3. 3. 2 -2 Antenna Feed Column Structural Characteristica 


.600 

0 

(m) 

FEED 

MASS 

(kg) 

d 

(m) 

El 

GJ 

(N/m^xIO-**! 

FEED 
COLUMN 
THERMAL 
ROTATION 
(AT FEED) 

2# 

6.0 

134 

0.228 

28 

0.69 

1.8 

B 

1932 

0.381 

299 

1.93 

1.3 

13.8 

140 

0.456 

113 

2.76 

2.1 

20.5 

195 

0.761 

522 

7.67 

1.8 

ANTENNA BOOM HAS SAME DESIGN AS FEED SUPPORT COLUMN. 
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3.3.3 Electrical Power Generation. Distribution and Control Subsystem 
Definition 

Summary 

Major components of the electrical power subsystems are summarized in 
Table 3. 3. 3-1, and the power distribution system is schematically Illustrated 
In Figure 3. 3. 3-1. The electrical power system for the erectable and space- 
fabricated advanced communication antenna platforms are basically the same. 
Cable routing and length may vary slightly between the two configurations. 
Major components are identical and similarly located. This section pertains 
to either construction system. 

Table 3. 3. 3-1. Electrical Power Generation, 

Distribution and Control System 


Item 

Characteristic 

Power generation 

* 1312 m^ solar array 

* High-efficiency hybrid solar cell 

• 336.6 W/panel EOL 

• 20-year life 

Electrical power distribution 

• 152 kW BOL (146 kW EOL) power 

at 200 V dc 

• Transmission efficiency, Oj = 96% 

Energy storage 

• Nickel-hydrogen battery, 
170.25-kWh 

Rotary joint 

• Slip rings, 121 2-kW @ 204.7 V 

Communication Platform 

• 118.4-kW to dc/dc converter 
75 kW to antennas 
37.5-kW, growth 

Telemetry, tracking, and 
command 

• Attitude and velocity control 

Low thrust chemical propulsion 
RCS propulsion unit 

• Data management 

• Communication 

• Housekeeping 

5 kW @ 28 V dc and 200 V dc 


[ The electrical power distribution system (EPDS) receives power from the 

power generation subsystem, a solar photovoltaic array, and provides the regu- 
lation and control required to deliver the electrical power to the various 
* s''tell’te loads. An energy storage system will be used to provide electrical 

t - r d irlng the eclipse periods. Sensing devices will be situated throughout 

! the system and "ill be monitored and controlled by the data management system 

i 

f 

I 
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Figure 3.3. 3-1. Electrical Power Distribution System Assembly 
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to assure circuit protection, regulation, power source switching for ecliptical 
periods, battery charging, and load monitoring at all times. A rotary Joint 
will transfer the electrical power from the solar array to the communication 
antenna platform. 

The major requirements of the electrical power subsystem are to generate 
and deliver electrical power at specified voltages and power levels on a contin* 
uous basis throughout the solir seasons for a duration of 20 years. The solar 
photovoltaic array will deliver approximately 131.16 kU of electrical energy 
at the end of life (EOL) of the array. The power distribution system of array 
to the slip rings will have a transmission efficiency of Tiy > 94%, while the 
transmission efficiency from the brushes to the communication antennas will be 
Tlx ~ 204.69 V will be transferred through the slip ring, and 

112.5 kW at 200 V will be delivered to the dc-dc converter interface. This 
includes the 75 kW for the communication system plus an additional 37.5 kW for 
growth. Figure 3. 3. 3-2 illustrates the efficiency change for the electrical 
power distribution system for the advanced communication antenna platform. 

Power Generation 


Table 3. 3. 3-2 summarizes the physical format for the solar array. The 
solar photovoltaic power subsystem is based upon technology developed for the 
Lockheed PEP solar array design concept. An output voltage of 200 V has been 
selected, following telephone conversations with cognizant personnel at Johnson 
Space Center. Power requirements for the solar array were determined using the 
communication platform systems power plus an additional 50% growth factor, and 
applying chose values to the efficiency chain which is depicted in Figure 3.3. 3-2. 
In calculating the EOL electrical characteristics of the solar array, a magnitude 
of 336.6 W was used, based on the PEP solar array EOL value for wattage output 
per panel. Other environmentally induced losses which have been accounted for 
are: 


* Ultraviolet radiation and micrometeroid damage: 2% 

* Electrical modules isolation diodes: 0.5% 

* Voltage and power loss due to the inter tie harness: 2% 

> Battery charging requirements: 5% 

Using values from Figure 3. 3. 3-2 and the above loss factors, the number of 
panels required for the array would be: 

133,160 watts 

336.6 watts (.98)(.995)(.98)(.95) ^^5.77 panels 


In summary, 54 electrical panels in 8 blankets 
each) will meet the 131.16 kW EOL power requirement 


(4 meters by 41 meters 
(Figure 3. 3. 3-3). 
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Table 3. 3. 3-2. Power Reneratlon Subsyeten 


Item 

Characteristic 

I 

Solar array 

. 1312 m® 

• Two wings, 16 meters by 41 meters 

• Power output, 131.16 kW (EOL) 

• Four solar blankets/wing 

Solar blanket 

* 164 m^ (4 m X 41 m) 

* 54 panels/blanket 

* 108 electrical modules 

Solar panel 

• 3.0256 m^ (4 m x 0.76 m) 

• 336.6 watts/panel 

• Two electrical modules/panel 

Electrical module 

• 1.512 m® 




Figure 3. 3. 3-2. Efficiency Chain for Advanced Connunicatlon Platfora SysCea 






Figure 3. 3. 3-3. Solar Array 
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Figure 3. 3. 3-1 illustracee the nejor aBsemblies comprising the BPDS. The 
•ubsystem coasiBCs of main feedera, tie bars, summing buses, regulators, volt- 
age converters, switch gear, remote power contactors, slip rings, and brushes. 
Batteries and battery chargers are Included for eclipse periods. 

Utilising the PEP design concept, the array harness is a flat cable 
conductor mounted on the back of the solar array blanket at the two long edges 
of the blanket. The harness folds up in the same manner as the array panels 
for retraction and storage. Conductor pairs from six panels will be routed to 
form a cable and terminate into a connector at the base of the blanket. These 
connectors, capable of remote manipulator handling, will be engaged into an 
electrical power distribution (EPD) switch box located at uie base of each 
blanket. The nui^er of these connectors will be minimized tu augment fabrica- 
tion operations in space. 

The EPS switch box will consist of circuit protection devices, switch 
gear capable of interrupting fault loads, and series-parallel connection of 
panels to maintain the array voltage. Each EPD switch box will contain a 
regulator to maintain a 5% voltage regulation, and a data management micro- 
processor and signal conditioning to monitor the blanket parameters. 

Figure 3. 3. 3-4 is a simplified schematic of a typical solar array blanket. 

The solar array consists of eight solar blankets fabricated In a split 
array of four blankets each. This split array leads to a split electrical 
bus. Four solar blankets, fed through their respective EPD switch boxes, 
are fed into an EPD panel where the Individual blanket powers are summed 
together by the summing bus. Blanket switch gear isolates each blanket pair 
from the summing buses. As each blanket pair is connected, it is tied to the 
summing buses through the closure of each related switch gear. During this 
connection process, bus temperatures and current measurements must be moni- 
tored to detect any shorts throughout feeder runs of the arrays so that 
controlled emergency disconnects can occur under the data management system 
(DHS) or local breaker control to avoid catastrophic effects. The battery 
switch gear and bus-tie contactors will be located within the EPD panel. 
Sensing circuits of the DMS will monitor orbit times and will control when 
the battery bus will be connected and disconnected to the power buses. Bus 
tie bars will interconnect the power sunroing buses to power slip rings. The 
slip ring will provide for transmitting the electrical power split bus 
through it. 

Conductors from the brushes arc tied to the centrally located dc/dc con- 
verters through switch gear, to allow for isolation when performing mainten- 
ance. The dc/dc converters are tied to a summing bus for transmitting the 
required power through switch gear to the communication system network. 

Figure 3. 3. 3-5 is a simplified schematic for the communication platform 
system. 
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Figure 3.3.3-i. Advanced Cowaiunicar ion Platfora Syste» 
Typical Solar Array Blanket Scheawtic (1 of 8) 
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Energy Storage 

An energy storage system will be utilized during the eclipse periods to 
provide 170 kW/hr of electrical energy. Batteries and a regenerative fuel 
cell system have been reviewed as candidates for the energy storage subsystems. 
The regenerative fuel cell system was nut selected at this time due to the 
long, costly development program required *'or the electrolysis unit. Among 
the battery types, nickel-hydrogen and nickel-cadmium batteries were evalu- 
ated as candidates. The battery evaluation was similar to that for the SPS 
flight test article in all major respects, and was based upon the comparative 
data presented In Table 2. 3.2-3 and its supporting discussion in Section 2.3.2. 

The parametric values for the nickel-hydrogen battery are listed in 
Table 3. 3. 3-3. 


Table 3. 3. 3-3. Nickel-Hydrogen Battery Parameters 


Item 

Characteristic 

Power requirement 

1A6 kW/hr 

Capacity 

170 kW/hr 

Charging 

1.6 V 

Discharging 

1.25 V 

Charging rate 

C/10 

Weight factor 

18 Wh/kg 

Deptn of discharge 

80% 

Cel 1 size 

200 Ah 

Number cel 1 /battery 

122 

Battery weight 

721 kg/battery 


A new cell of a higher capacity will require development for this appli- 
cation. Tl>e development will be minimal as it only requires procuring a 
larger case which would be 17.75 cm in dian'eter and 30.5 cm long with a 
200 ampere-hour capacity. The number of plates in the stack would be 
increased. Current technology would be applied and a verification test 
performed. 

Sizing . The major consideration for using the EPD system is the power 
level (voltage and current) and line loss allowances. This system was sized 
to handle KOL power (delivered by the solar array) of approximately 131 kW 
at 200 volts, as shown in Figure 3. 3.3-2. 

Rotar y -l olnt . The rotary joint is utilized to transfer power through 
slip rings and brushes from the solar array to the communication platform 
member of the satellite. The rotary joint will consist of two slip ring/ 
brush sets. Each will have multiple isolated circuits of sufficient 
capacity to carry the assigned loads. Figure 3. 3. 3-6 shows a block diagram 
of the rotary joint. 
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Figure 3. 3. 3-6. Rotary Joint Schematic 
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Converters . Risers from the brushes of the slip ring are tied to the 
dc/dc centralized converters through switch gear. The converters are tied to 
a summing bus to provide further conditioning and power required for the com- 
munication system. 

Dc/dc converters* do not exist for the capacity required for this applica- 
tion. TRW has a 2.4-kW dc/dc converter contracted with U.S, Army Electronic 
Command. Using today's technology, they can develop a dc/dc converter of 
2S-kW capacity by using higher power semi-conductors and drive circuits, higher 
power magnetics, and thermal design consistent with the new design. The con- 
trol circuit design will essentially remain Intact. However, the proposed 
changes will Increase the size and weight of the converter. 

Distribution . The power distribution subsystem utilizes flat copper 
conductors. These conductors are not considered part of the structure. They 
will normally be passively cooled by radiation to free space. The main feeders 
are sized to an average transmission efficiency of 96%. Figure 3. 3. 3-5 Illus- 
trates the power distribution network used on the communication platform 
satellite. 

Conditioning . The power conditioning converts the solar photovoltaic 
power to the required bus voltage. A series regulator at each blanket provid-j:s 
the regulation of the bus voltages. The DMS monitors and series-parallels the 
panels outputs to maintain a consistent voltage. By regulating the bus supply 
voltage the battery circuit will not require additional regulation. Voltages 
to the communication system are further conditioned by the centralized dc/dc 
converters . 

Switching . Switch gear is provided for isolation, maintenance, and con- 
ditioning. Optimum power output will be assured at all times by proper sizing 
and design of the submodules, their associated switch gear, and the DMS control 
of the switching and control to loads. Voltage and currents handled by the 
switch gear will be monitored by the data management system to determine their 
status and switched according to power demand. 

Availability of switch gear for the Intermediate voltage of 270-V dc 
rating is basically nonexistent. We have Investigated this problem by 
inquiries to NASA-JSC and NASA-Lewls and have followed their leads describing 
possible study efforts without finding any space-tested hardware. NADC at 
Johnsvllle, Pa., NAC at Indianapolis, Ind., and Westlnghouse have study programs 
for such switch gear, but no hardware development contracts have been let. 
Westlnghouse has a 300-V dc with a current rating of 1 to 5 amperes remote 
power contactor and a prototype 270-V dc with a current rating of 150 amperes; 
neither is space qualified. Teledyne Kinetics has a 200-V dc switch with a 
7-ampere rating; It, too. Is not space-qualified. 

Weight . A summary of weight for the electrical power system is presented 
in Table 3. 3. 3-4. 


3-52 


MriNteSyMiMDtotolen RockwaN 

SpiMtiraiMmQfoup IntarnatlotMil 


Table 3. 3. 3-4. Electrical Power System 
Weight Summary* 



Weight 


(kg) 

Solar array panels 

1,359.36 

Switch gear box 

581.8 

EPS wire harness 

249.24 

Battery system 

4,910.5 

Slip ring/brushes 

47.86 

Antenna system 


SPD harness 

563.68 

Switch gear box 

260.4 

RF harness 

4,476.0 

RF Interconnect box 

1,400.0 

Secondary support structure 

1,385.0 

Subtotal 

15,233.84 

EPD Panel 

265.00 

Total 

15,498.84 


*Does not Include cooling. 
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Summary 

The major features of the microwave subsystem are summarized in Figure 
3. 3.4-1. Each circle* in the figure represents an antenna. There are three 
fixed-beam transmitting antennas for 3.7 to 4.2 GHz, three fixed-beam receiving 
antennas for 5.935 to 6,425 GHz, and two scanning antennas for filling gaps 
caused by overloads, failure, or rain. Also shown, is a repetition of the 
above for 12 and 14 GHz. It is necessary to use three antennas to provide 
4.5 dB crossovers with the desired aperture weighting for good sidelobes 
(-35 to -40 dB) . A total of 219 beams is needed to cover the continental 
United States when a beam size of 0.26 degree is used. The bandwidth of 
500 MHz Is divided into 12 channels of 40 MHz each. There are 24 channels 
total per band when polarization diversity is used. Since adjacent footprints 
cannot use the same frequency range within two footprint diameters (using -35 dB 
sidelobes and -24 dB crosstalk allowance), then the 24 channels must be divided 
by 4. Thus, the maximum capacity per six-channel beam is 6000 conversations. 

On the average, we will only use two 40-MHz channels per beam and the figure 
gives the expected capacity for the antenna platform for the continental U.S., 
as outlined in the mission requirements developed in Section 3.1. 

Note that the antennas are shown schematically only. Their physical 
placement on the platform is discussed in Sections 3.3.1 and 3.3.2. A more 
detailed rationale for the selection of this approach Is given in subsequent 
sections. An isometric view of one antenna is given In Figure 3. 3. 4-2 to show 
the offset horn assembly relation to the reflector. 

Subsystem Concept Definition and Rationale 

Viewed from the geostationary arc at around 98** west longitude, the 
continental U.S. has an angular width of about 3° in the north-south direction 
and somewhat more than twice this in the east-west direction. If this whole 
region is to be covered by hlgh-galn spot beams then, clearly, advances in the 
technology of multibeam antennas will be required. Probably the largest off- 
axis scanning performance achieved to date is that reported by Semplak^ of 
Bell laboratories. Using a dual offset reflector antenna in a Cassegrainian 
configuration, he carried out measurements on beams scanned off-axis by more 
than 20 times the full half-power beamwldth. At this extreme, he found that 
beam shape, although broadened, was quite acceptable, with little evidence of 
coma distortion. There was, however, a significant loss in peak gain amounting 
to about 4 dB. However, for a scan angle limited to about 10 times the beam- 
width, he found the loss i;i gain to be no more than 0.25 dB and beam broadening 
completely negligible. Thus it appears that a single antenna could cover the 
U.S. with spot beams hav.ing a width of about 0.3° and that no beam would be 
off axis by more than 10 times the beamwldth. All beams wouxd be well formed. 


'k. A. Semplak, 100 GHz Measurements on a Multiple Beam Offset Antenna, 
Bell Systems Technical Journal, 56, pp. 358-398, March 1977. 


3-54 


3-55 


DIAMETER 
MASS 
RF POWER 




III- I 






UP 6 GHz 


DOWN 4 GHz 


©o. 


o 



13.8 

1.2 


20.5 

2.0 


UP 14 GHz 

DOWN 12 GHz 


®'o 

qO 


6.4 

7.5 

. METERS 

*6.0 

0.8 

METRIC TONS 


1.2 kW 


*21.2 kW 


/ 89 KW DC \ 

Vtotal power/ 


FOOTPRINT 207x2% KM 
NO. OF BEAMS/DISH -73 


MAXIMUM CAPACITY 


1000 CONV ^ 2 CARRIERS 
CARRIER ^ BEAM 


3x73 BEAMS „ . rauhc 
* BAND * ^ 


fl 


876 X 10^ CONVERSATIONS (5.5 x 10^® BITS/SEO 


«A00ED POWER & MASS TO OVERCOME RAIN ATTENUATION 

Figure 3.3.4-x. Advanced Communications System Platform 




1 


taMMt tytlMiw OIvtolM 
tpaet tytlMm Oioup 






PUTFORM 

ATTACH 

FITTING, 



EFLECTOR 


1^ 

f 

* 

m 

A 

t 


Focal length 

- 555 A 

Diameter 

- 280 A 

F/D 

- 1.98 

No. of feed horns 

* 73 (15 on scanners) 

Horn diameter 

- 5.4 A 

Gain 

- 55 dB 

Beamwidth 

- 0.26* 

Crossover level 

- 13.5 dB 



FEED HORN SYSTEM 
(6 DEG OF FREEDOM) 
AUTOTRACK ONLY 
2 DEG OF FREEDOM 


Figure 3. 3. 4-2. Perspective View of an 
Individual Offset-Fed Parabolic 
Reflector Antenna 
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having sldelobes nearly 30 dB down, and no beam would suffer more chan 1/4 dB 
loss in gain. Beam Intercept diameters would be IBS km (100 nml), a size 
Chat Is deemed desirable and appropriate by personnel of Bell Systems' Toll 
Transmission Laboratory. 

In order to create the needed multiple beams, feed horns must be clustered 
in the offset focal plane of the reflector, preferably In a hexagonal array 
pattern. Even then, adjacent beam centers will be displaced by at least two 
beamwidths and the crossover will occur at a level of -12 dB or lower. There 
will, in fact, be directions In which the relative gain will be -16 dB or worse, 
so that the coverage provided by a single antenna is unacceptable. 

The solution is to employ three identical antennas, numbered 1, 2, and 3 
in Figure 3. 3. 4-3. Adjacent beams from antenna 1 have crossovers at the -13.5 dB 
level as indicated by the dashed circular contours. When beams from all three 
antennas are interleaved, as shown by the hexagonal pattern of small solid 
circles, the crossover level can be shown to be raised by a factor of 3 and 
becomes -4.5 dB. This assumes that the spot beams have Gaussian shapes with 
patterns described by 


P(6) in dB 



( 1 ) 


where 6jj is the angle at which the relative power level is -N dB. From the 
geometry it can be seen that the angular radii of the dashed and solid con- 
tours are in the ratio 0/0u • 1//T" . Equation (1) also can be used to show 
that nowhere in the entire coverage area will the relative gain be less than 
-6 dB. 


This concept of beam interleaving from three antennas is applicable and 
realizable only over a relatively narrow frequency range in which antenna 
beamwidths do not appreciably change. The ratio of the highest frequency in 
the 6-GHz receive band to the lowest frequency in the 4-GHz transmit band is 
more than 1.7:1. For this reason, separate antenna systems are required for 
the downlink (3.7 to 4.2 GHz) and uplink (5.9 to 6.4 GHz) bands. Hence, it 
is convenient, in what follows, to describe antenna dimensions in terms of the 
wavelength at the center of the particular band in question. 

Antenna Description 

Due to the large size of the feed cluster in a multibeam antenna, blocking 
is unacceptably high in a symmetrical reflector system. Hence, the offset con- 
figuration shown in Figure 3. 3.4-4 has been adopted. Both a single and a dual 
(Cassegrain) reflector system are shown; the former will be discussed first. 

Single Offset Reflector System . The aperture diameter for the reflector 
has been taken to be D - 280 A which will yield a spot beam with a full half- 
power width of 0.26®. The focal length f must be large enough to ensure that 
the extreme off-axis beam is not appreciably degraded. This beam will be 
scanned through approximately 3® when pointing to either the easternmost or 
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Figure 3. 3.4-4. Offset Reflector without Blocking 





westernaiosc axtremlty of the U.S. Off*axis beam performance can be character* 
ised by the alngle parametert due to Ruze,’ 

X-n(2)'[W.02(2)']‘’ 

where n la the number of beamwldtha scanned off the axis and la equal to 
3Z.26 ■ 11.5 in this case. The parameter X has been ahown^ to be applicable 
to offset reflectors and so long as it does not exceed a value of about 3, 
then loss in gain and beam broadening will be negligible and the coma lobe will 
be below -25 dB. The value selected for focal length is 555A which gives 
f/|) ■ 1.98 and X ■ 2.92. From Ruze* the beam deviation factor is very close to 
unity, about 0.98. 

In order to ensure that there will be no aperture blocking by the feed 
cluater, the offset geometry shown in Figure 3. 3.4-4 has been chosen with 
6o • 18.25* and 9f ■ 14.00* . 

Feed Horn Selection . In order to permit frequency reuse it is essential 
that each spot beam have very low sidelobe and crosspolarization levels. Each 
feed must therefore act like an ideal Huygens source and, for this reason, the 
hybrid mode horn has been selected and is designed in accordance with the pro- 
cedure of Thomas^. An edge illumination of -12 dB in the directions* 6f - 14* 
is specified and the curves of Thomas shov/ that k^ sin6f ■ i. 7, where k “ 2 tt/> 
and a is the radius of the horn aperture. Thus, the aperture diameter of the 
horn is 2a ■ 4.9X. To find the mouth diameter of the horn it is necessary to 
add approximately 0.5A to account for the depth of the corrugated grooves and 
for metal wall thickness. The mouth diameter is therefore 5.4A and this is the 
minimum distance between horn phase centers when they are clustered. The 
angular separation between adjacent beams is simply equal to the minimum horn 
spacing divided by the focal length and reduced by the beam deviation factor. 
With BDF “ 0.98, f ■ 555A and spacing equal to 5.5A the angular separation 
between adjacent beams is 0.55*. 

The crossover level for these adjacent beams may now be calculated from 
equation (1) in which 20jj ■ 0.26* for N • 3 dB, while 20 ■ 0.55* at the cross- 
over. Thus the level is -13.5 dB, as indicated in Figure 3. 3. 4-3. 

Feed Cluster Sizing . The cluster of tightly packed feed horns arrayed in 
r. hexagonal lattice is shown in Figure 3. 3. 4-5. The 73 horns, each with a 
mouth diameter of 5.5a , form a cluster whose dimensions are 60. 5A wide by 
34. OX high. The circles in the pattern may also be interpreted as representing 


^J. Ruze, Lateral Feed Diaplacement in a Paraboloid, IEEE Trans. Antennas 
Propagat., AP-13, pp 660-665, September 1965. 

^E. A. Ohm, A Proposed Multiple-Beam Microwave Antenna for Earth Stations 
and Satellites, Bell Systems Technical Journal. pp. 1657-1665, 

October 1974. 

^B. Mac A. Thomas, Design of Corrugated Conical Horns, IEEE Trans. Antennas 
Propagat., AP-26, pp 367-327, March 1979 
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a single antenna's -13.5 dB circular contours, each of which has an angular 
diaoecer of 0.55°. The resulting 73 beam patterns thus cover a zone that is 
6.05° wide (in the east-west direction) and 3.4* high (in the north-south 
direction), whld'. is sufficient to include portions of Canada and Mexico, as 
well as CONUS. 

Dual Offset Cassegrain Reflector System . The advantage of the fansegrain 
configuration is that it provides the benefit of a loog focal length in a phys- 
ically compact structure; the focal distance of the main paraboloid is magnified 
in the ratio m ■ e4-l/e-l, where c is the eccentricity of the hyperboloidal su'o- 
ref lector. One of the two foci of the hyperboloid must coincide with the focus 
of the main paraboloid. The location of the vertex of the sub-dish and its 
eccentricity then determine the location of the second focal point, where the 
feed must be located. It would seem that the introduction of two new parameters 
(vertex location and eccentricity of the hyperboloid should not unduly compli- 
cate the design of a Cassegrain system. This is largely true for a symmetrical 
single-beam, system in which it is only necessary to strike a balance between 
plane wave blocking by the sub-dish, and spherical wave blocking by the single 
feed horn. In the offset reflector with a single beam the same considerations 
Apply* l>ut it becomes more difficult to determine a geometry which eliminates 
both forms of blocking. When offset feeds are introduced for the formation of 
multiple beams in two dimensions, the design procedure becomes much more complex. 
Thus, for example, the addition of an offset feed requires that the sub-reflector 
dimensions be extended. This, in turn, causes an increase in the plane wave 
blocking by the sub-dish, making it larger than the spherical wave blocking by 
the feeds. To balance the two forms of blocking then requires a change in the 
(Uissegrain geometry and so the procec. begins again. 

Such an iterative design procedure has been used to arrive at the Cassegrain 
configuration shown in Figure 3. 3.4-6 for the C-band downlink at a nominal fre- 
quency of 4 GHz (X • 7.5 cm). The magnification factor is m « 2.48 which yi*^lds 
an effective focal length of F > 41.66 meters from a main reflector whose focal 
length is f ■ 16.8 meters. The equivalent paraboloid is defined by the angles 
6 q ■ 18.25°, and 6f ■ 14.00° and has an aperture diameter D * 21.00 meters. 

Thus the equivalent parabola is identical to the reflector described above for 
the single offset reflector system. For this reason the same feed horns and 
feed cluster dimensions may be used; no redesign is necessary. 

In the design of this system an effort was made to keep the second focus 
reasonably close to the vertex of the main paraboloid without requiring an 
unreasonably large offset in that reflector. The resulting design is a reason- 
able, though not an optimum one. As shown in Figure 3. 3.4-7, there is small 
amount of plane wave blocking caused by the extended sub-reflector. The blocked 
aperture area is less than 1.51, however, and clearly occurs at the aperture 
edge, where illumination Intensity is low (-12 dB). Thus, the loss in gain 
will be less than 0.1 dB. 

Because of the long effective focal ratio of this system, denr’ :«r izat ion 
by the reflector will be very small. According to Chu and Turrin^ the cross- 
polarized losses will be suppressed to about -38 dB fur this system. 

*T.S. Chu and R.H. Turrin, Depolarization Properties of Offset Reflector 
Antennas, IEEE Trans. Antennas Propagat., AP-21, pp 339-345, May 1973. 
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.3.A-6. Dual Offset Cassegrain Reflector 
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Figure 3. 3. 4-7. Elevation View of Dual Offset Reflector and 

Feed Cluster 
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The Cassegrain systems for the 6-GH2 uplink and for the 12 to 14 GHz bands 
are scaled versions of the 4-GHz system. 

Tolerances . Table 3.3.4~1 shows the principal tolerances that must be 
placed on the 21-m C-band antenna. Reflector roughness Is calculated from the 
Ruze formula 


relative gain 


exp 


[-ml 


If the loss In gain Is not to exceed 0.1 dB, then the rms roughness, a, must 
not exceed X/7S. 

Table 3. 3. 4-1 Reflector Tolerances 


21-M DIAMETER OFFSET REFLECTOR AT 4 GHz 
(HPBW - .0045 rad GAIN = 56.7 dB) 


PARAMETER 


TOLERANCE 


CRITERION 


RMS SURFACE ROUGHNESS 

POINTING ACCURACY 

AXIAL DEFOCUS I NG 

TRANSVERSE FEED 
DISPLACEMENT 


A/75 = 1 .0 mm 
±.45 mr 
±21 cm 
±1.9 cm 


<0.12 dB GAIN LOSS 
1/10 (HPBW) 
<0.1 dB GAIN LOSS 
1/10 (HPBW) 


Pointing accuracy Is required to be held to one-tenth of the half-power 
beamwldth, l.e., 0.45 mllliradlans. A transverse displacement of any feed 
In the focal plane will cause a beam squint of about £t/F radians. Since half- 
power beamwldth Is given by 1.28 X/D radians. It Is seen that transverse feed 
d'tiplacement must be restricted to 

^t F 

-y = 0.128 ^ “ 0.256. 


The tolerance on axial feed displacement (defocusing) Is much looser. The 
quadratic phase error due to axial displacement is 

2fre 

6 = ^ (1 - cos 6f) 
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and Che resulting loss in gain may be determined from the relation, 

loss In dB “ 20 log 10 | • 

« 

From these relations, using 6f * 14‘, It Is easily seen that no more than 
0.1 dB loss In gain will occur If axial displacement, tg, does not exceed 2.8X. 

A detailed analysis of the tolerances required of the sub-reflector in the 
Cassegrain system has not been performed. Certainly, its surface roughness 
should be as good as (but need not exceed) that of the main reflector. Angular 
mlsorlentation and transverse displacement of the sub-reflector will both 
produce beam squint and if this is not to exceed one-tenth of the beamwldth 
Chen the tolerances on these parameters appear to be of the same order as those 
demanded of the feed. It appears that axial displacement has more serious con- 
sequences for the sub-reflector, due to the inherent magnification of the 
Cassegrain configuration, than for the feed cluster, but since it is already 
rather loose for the latter (2.8X as derived above), the tolerance required 
should present no problem. 

Automatic Tracking Control . For purposes of telemetry, tracking, and 
control of the communication platform there will be a ground control station, 
preferably located somewhere near the center of the CONUS coverage zone, that 
is in contact with the platform. This is the logical location from which to 
transmit continuous pilot tones (in one of the guard bands within each of the 

communication channels) for the purpose of implementing an active autotrack 

system on the platform. 

One way to do this is to use three adjacent feed horns (near the center of 
a cluster) to receive the pilot signal. Difference signals obtained from pairs 
of these horns then yield error signals In three directions at 120“ to each 

other. These error signals are then amplified, processed, and used to servo- 

control the feed cluster in two orthogonal directions, namely E-W and N-S. 

Two difficulties are apparent with this scheme. First, extraction of the 
pilot signal from the three horns will involve couplers and/or diplexers which 
will degrade the performance of the communications channels in these feed horns. 
Second, the crossover level between adjacent beams is too low, -13.5 dB, as 
explained earlier. The solution is to use entirely separate feeds which are 
located at A, B, C, and 0, as shovm in Figure 3. 3. 4-8. Simple geometry shows 
that round waveguides of diameter up to d' = 0.89X may be accommodated in the 
Interstices between adjacent feed horns of the communications channels. Since 
the cutoff wavelength of the dominant TEn mode is X^ = 1.705 d’, it is clear that 
X/Xc must be ’ the range 0.66 to unity, which is quite satisfactory for 
a small wave„ o feed. 

Figure 3. 3. 4-9 also makes it clear that the spacing between adjacent pairs 
of these feeds is exactly one-half that between adjacent communications channel 
horns. From equation (1) it then appears that the crossover level should be 
raised by a factor of 4, from -13.5 dB tn -3.4 db. However, the small feeds 
create a nearly uniform illumination of the offset reflector aperture, 
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Figure 3. 3. 4-8. Autotrack Feed System 
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in contrast to the tapered Illumination of the hybrid mode horns. Hence, the 
spot beams from the small feeds will be narrower, approximately in the ratio 
of 1.02/1.28. This will lower the crossover by the square of that ratio, giving 
a final level of -5.3 dB, which is excellent. 

For tracking putposes, pilot tone difference signals are taken sequentially 
from pairs of horns. Thus, the difference signal from the pair OA is a measure 
of the angle of arrival of the pilot tone in the north-south plane. The differ- 
ence signal from pairs OB and OC are measures, respectively, of the angles of 
arrival in planes inclined at ±60° to the north-south plane. Obviously, these 
two can be combined to yield a measure of angle of arrival in the east-west 
plane. By suitably processing the E-W and N-S information, command signals 
can be obtained for servo-control of the complex feed cluster as a unit, enabling 
it to move in two orthogonal directions as it tracks the pilot tone. Although 
somewhat different from the conventional monopulse tracking system. In which the 
complete antenna (including reflector) is servoed, this system will yield simi- 
lar precision and is therefore capable of maintaining pointing accuracy to one- 
tenth beamwldth. 

Power Calculation 

As mentioned earlier, the number of beams needed to cover the Continental 
United States is 219 when each spot Is an elliptical 207 km by 296 km. It Is 
necessary to use the interwoven patterns from three antennas to provide -4.5 dB 
crossovers when highly tapered Illumination is used for the reflectors. This 
degree of taper is needed to provide -35 dB sldelobes. Shown in Figure 3. 3.4-1 
are three transmitting antennas at 4 GHz, three receiving antennas at 6.2 GHz, 
and two scanning antennas for filling gaps caused by overloads or failures. 
Separate transmitting and receiving antennas are used to aid the isolation 
problem between transmitters and receivers. Also shown is a repetition of the 
above for the 12/14 GHz. 

The power calculation at 4 GHz is straightforward and rather independent 
of satellite location. One dB is an ample allowance for rain attenuation. 

Using 2.1 watts per carrier and an average of two carriers per 219 spots, the 
RF power required is 1035 watts. At 25% dc-to-RF efficiency, the solar array 
power is required to be 4.14 kW. 

At 12 GHz the power required is a function of satellite location. Taking 
a reasonably good case of 80° west, the RF power per carrier is 30 watts. 

Again, at two carriers per spot, 219 spots, the RF power is 14.8 kW. The 
solar array power is 59 kW. Note that only 3 dB rain attenuation was allowed. 
Data from AT&T indicate 8 dB is needed in most cities east of the Mississippi 
River for the desired 0.02% outage time (1.8 hours). Indeed, Miami needs 
14 dB allowance for rain, and Atlanta 10 dB. However, Miami, New Orleans, 

Mobile, Tampa, and Jacksonville will probably have multiple sites to ease this 
problem. Heavy rain falls in widely spaced cells; site diversity in these 
locations is needed. For other areas, we have the scanning beams which can 
"burn through” with the extra power required. Normal heavy rain, 16 mm/hour 
or greater, occurs 20 hours per year (east coast average). 
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For a satellite located at 135*tf, the power Increases substantially in 
rain. Mask angles approach 15** and most eastern cities require 14 dB rain 
margin. Atlanta needs 19 dB, and Miani needs 24 dB. To provide 16 mm/hour 
coverage over the east coast, a margin of 7.2 dB is calculated using 4 km of 
rain thickness at a mask angle of 18“ . An increase in power capability of 
2.63 (4.2 dB) is indicated. The solar array power becomes 155 kW. Coverage 
for the time between 16 mm/hour (20 hours/year) and 60 mm/hour (1.8 hours/year) 
is provided by the scanning beams. The power needed is estimated to be 15 beams 
at 21.4 watts x 2.63 x 4 carriers x 15.8 (12 dB increase in margin) x i/25 
(efficiency) • 213 kU. Four carriers are selected since scanning beam must 
have capability of densest traffic. The power requirements are summarized in 
Table 3. 3. 4-1. 


Table 3.3.4>2. Solar Array Power for Satellite 
at Indicated Latitude 



100*W 

135“W 

4 GHz 

4 kU 

4 kW 

12 GHz (heavy rain) 

59 kW 

155 kW 

26 GHz (extra-heavy 
rainfall) 

26 kW 

213 kW* 

Total 

69 kW 

372 kW 


*0nly 20 hours per year. 


Refer to Tables 3. 3.4-3 and 3. 3. 4-4 for link margin calculations. 
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Table 3. 3. 4-3. 4-GHz Downlink Characteristics 
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Table 3.3.4>4. 12-GH2 Downlink Characteristics 
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3>3.5 Th«rm»l Analyl« and Twnper>tura Control Subavtem Dafinltlon 

Two typM of thorntol analyses vara employed In developing subsystems 
design concepts. The first Involved potential distortion effects and stress 
loads arising from temporature dlffarencas across structural members. The 
second vas concerned with maintaining a viable temperature range for selected 
mission equipment components t generally through usa of radiators. From these 
latter analyses « design concepts were developed for location and sising of 
radiators for key components. Thess radiators can be considered as function- 
ally comprising a thermal control subsystem* In the following presentation 
the structural thermal analyses dealing with tha erectable structure elements 
are first presented. These are followed by thermal analysis presentations 
common to mission equipment on both the erectable and space-fabricated plat- 
forms. 

Thin-Wallad, Cylindrical Struts 

The supporting structure for the erectable communications platform con- 
tains thln-wallad tubular struts ranging In diameter from 0.30Sm (12 inches) 
to 0.533m (21 inches). When exposed to sunlight on one side, such tubes 
develop substantial cross wise temperature gradients. Tube separation dis- 
tances are large enough to keep self-shadowing time down to a few minutes at 
most. However* an eclipse lasts long enough to produce very large drops in 
tube average temperatures. Cross wise temperature gradients in a single tube 
will produce bending moments. Relative changes in the averaga temperature of 
adjacent tubes can have more serious consequences since they may result in 
distortion of the structure as a whole through differential expansion. 

In order to evaluate these effects, a transient, three-node thermal model 
was written for the SR 52 programmable calculator. This model (see Figure 
3. 3. 5-1) considers an infinite tube heated by solar radiation impinging at an 
angle B normal to the tube axis. The tube surface is characterized by a solar 
absorptivity cC and an emlssivity € . The tuba is divided into quadrants, 
symmetrical with respect to the solar direction. The two "side" quadrants 
are thermally ident'cal. Circumferential condition is determined by wall 
thickness 6 and the material conductivity k. 

Radiative transport between nodes depends upon the graybody shape factor 
^ . Each quadrant has a projected area of Y? D/2 per unit length. For this 
purpose the Rvalues were estimated to be equal to OF where F is the blackbody 
shape factor. Thus a«e» 9^,, *£C V5-0 thin- 

walled tubes of moderate-to-large size, radiative transport dominates conduc- 
tion. 


The working equations are as follows: 


(1) dT^ 

IT 


2 /r o I.„ cos9 
V dP Cp 



^R12 " ^R13 


oe Tj^ 
dp Cp 
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Tb« program implomentlng Equations 1 through 3 was chackad by comparing 
rasults with those roportsd by Boslng (Rafaroncs 1) using a thsrmsl snslyssr 
program. Inputs (thsrmsl propsrtiss* solar constant and dimsnslons) wars 
held constant for the comparison. Figure 3.3.5>2 shows rasults for s 50.8mm 
(2 inch) dlsmetar grsphita-epoxy cylinder sxpossd to sunlight at normal inci> 
donee. There ere detailed differences in the local temperatures but the over- 
all transient behavior is quite similar. This lends confidence in the simple 
model for quick evaluations of other cylindrical strut transients. 

Figures 3.3.5-3» 3. 3. 5-4. 3. 3.5-5 end 3. 3.5-6 show transients calcula- 
tions for large end medium sise graphite-epoxy struts during eclipse at GEO. 
For each diomstar the effect of unaltered surface end selective coatings is 
shown. The slumlnised Teflon, if practical, will reduce gradients somewhat 
end temperature levels considerably. 

Thennal Distortion of Three-Strut Trusses 

A major structural element of the orectsble communications platform is 
a truss made up of three parallel sections. The sections ere thin-welled, 
graphite-epoxy tubes 0.305m (12 inches) in diameter. One section has s 
well thickness of 0.762mm (0.030 inch) end the other two hove wells twice 
as thick. 
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Figure 3, 3. 5-3. Large-Dlameter Strut Tempera turee—Uncoa ted 
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Figure 3. 3. 5-4. Large-Diameter Strut Temperatures — Selective Coating 

3-76 





Figure 3. 3. 5-5. Small-Diameter Strut Temperatures — Uncoated 
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Figure 3. 3. 5-6. Small-Diameter Strut Temperatures— Selective Coating 
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During orbiti two types of thermal distortion occur. Individual cubes 
will develop substantial temperature differences between their sunlit and 
opposite sides. This will cause each tube section to bow away from the solar 
direction. In addition* differences In orientation* surface properties or 
thermal capacitance will cause changes in the average temperature of the 
struts* leading to distortion of Che truss as a whole. No special criterion 
has been established for across-tube gradients as yet. Inter-tube temperature 
differences as great as 28 C (50 F) are acceptable. 

The transient thermal model for thln-walled cylinders described in a pre- 
vious section was used to evaluate the thermal gradients across the three-strut 
truss exposed to eclipse transients at GEO. Figure 3. 3.5-7 shows gradients 
across individual struts and across the three-membered truss as a whole. As 
may be seen* the across-tube gradients are very large (150 - 200 C)* particu- 
larly during emergence from the eclipse. If such gradients are found to be 
unacceptable* they can be reduced 30Z by application of external selective 
surface treatment. The inter-tube gradients are more moderate (30 - 35 C) 
but still somewhat greater than the 28 C requirement. Selective coating or 
maintenance of equal tube thickness on all struts would reduce or eliminate 
inter- tube gradients. 

Heat Rejection Radiator Subsystem 

As presently conceived, the Communications Platform has several concen- 
trated sources of heat requiring dissipation by radiating surfaces. Radiator 
performance is conditioned by several factors: 

(1) Orientation with respect to the sun. 

(2) Placement and orientation with respect to extended hot surfaces 
such as the solar array. 

(3) Temperature limitations imposed by the thermal load. 

In addition* such factors as long-term reliability in a space environment 
must be considered. The long life requirement has led to the concept of a heat 
pipe radiator in which heat is taken from the load(s) by a fluid coolant and 
delivered to the base of a radiator equipped with heat pipes for distribution 
over the surface. The innate redundancy of this construction assures func- 
tional survival of the unit even after several meteoroid hits. 

Heat dissipation requirements* based on a 112.5 kW communication plat- 
form, are given in Table 3. 3. 5-1. 

Radiator performance (watts per square meter) was estimated for a variety 
of possible configurations. The radiator inlet temperature was assumed to be 
6 C (10 F) below the load service temperature and 17 C (30 F) below the outlet 
temperature. A selective radiator surface («/£ - .75/. 15) was assumed. A 
radiator effectiveness of 0.75 was assigned. This value is probib ly conser- 
^’ative, especially for the lower range of radiator temperatures. 
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Figure 3. 3. 5-7. Strut Temperature Gradients during 
Equinoctial Eclipse 
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TABLE 3.3.S*-! Reprasantatlve Heat Dissipation 
Requirements for 112. S kW Communications Platform 


Catesory 

Heat Dissipation 

Load Service Temperature 

dc/dc Converters 

5.9 kW 

74 C 

Batteries (Charging) 

1.0 kW 

10 C 

(Discharging) 

18.9 kW 


Housekeeping 

4.3 kW 

74 C 

Antennas 

16.9 kW 

74 C 


Figure 3. 3. 5-8 presents estimated heat rejection rates for two-sided 
radiators in different thermal configurations. Poorest performance is shown 
by a radiator located near the solar array but mounted perpendicular to the 
antenna platform so that it lies in the equatorial plane. It Is exposed both 
to solar radiation at 23 degrees and has a substantial view factor (q/ 0>3 ) 
with respect to the array. Substantially better performance can be obtained 
by moving the radiator farther from the array and/or eliminating the solar 
input by maintaining the radiator in the ecliptic plane or providing a sun 
shield. An even greater Improvement occurs when the system is in eclipse. 
There, solar input is absent and the cooling solar array emits less heat 
radiation. Luckily this enhanced performance occurs at the time of greatest 
battery heat load (see Table 3. 3. 5-1). 

It is logical to group together the heat rejection associated with battery 
charge/discharge and that due to power conditioning into one or more modules, 
complete with radiator. Even though radiator performance is better during 
eclipse, the high dissipation due to battery discharge makes the eclipse con- 
dition the driver for radiator sizing. Since at GEO eclipse lasts for only 
five percent of the orbit or less, this suggests the use of phase-change 
material (PCM) as a way of reducing radiator size and weight. For the heat 
loads given in Table 3. 3. 5-1 the eclipse peak could be leveled out by means 
of 358 kg of tetradecane (melting point 5.5°C). However, the mass of the PCM 
containers (usually finned aluminum boxes) can be several times that of the 
PCM Itself. Figure 3. 3.5-9, adapted from Reference 2, shows a typical trade 
analysis which compares the mass of a radiator sized to take a peak heat load 
with the mass of a smaller radiator plus PCM. As Figure 3. 3.5-9 shows, con- 
tainer mass Is several times PCM mass if the temperature rise across the 
container is kept to a moderate value. Moreover, the weight advantage over 
a simple radiator Is marginal even at rather low radiator temperatures. For 
these reasons, the PCM approach Is not considered to be effective for the 
present application. 

Thermal Dissipation from Antenna Feed 

The 1 dlv’dual antenna feed assemblies generate approximately twice as 
much thermal energy as radio-frequency output at the antenna. In the case of 
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such hlgh-pover asseokblles as the 7.5 aeter antenna, thermal dissipation from 
the feed is much greater than can be accmnmodated by surface radiation from 
the assendily itself. Table 3.3.S-2 summarises the assumptions and results. 


TABLE 3.3.S~2 Thermal Dissipation for 
High-Power Antenna (7.5 meter) 


Item 

Value 

Surface Temperature 

45®C 

dUC 

0.3/0.85 

Met Dissipation* (Antenna 
Assembly only) 

2.07 kW 

Net Dissipation* (P.adiator) 

7.93 kW 

Radiator Area (Two sides active) 

*Assumes solar heating on one side. 

20.7 sq m 


Figure 3.3.5-10 Illustrates a suitable geometrical arrangement. The 
additional radiating surface could be produced from a long strip radiator 
oriented along an east-west axis so as to avoid Interference with the micro- 
wave beam. A similar approach is applicable to all antenna feed assemblies 
whose thermal dissipation requirements exceed the capabilities of their sur- 
face areas. 

Heat Dissipation from Control Moment Gyros (CMG) 

Continuous attitude control of both communications platforms and the SPS 
Test Article will be accomplished by CMG cluster (5-7 units) housed in a 
cylindrical shell 4.3m in diameter and 3 - 4m high. Heat will be generated 
within the shell due to mechanical friction and electrical resistance. The 
amount of energy dissipation is dependent on the load profile. For the com- 
munication platform an average power dissipation of 1.1 kW has been established. 

Temperatures required for heat dissipation from the 83 sq m cylindrical 
surface have been calculated, under the assumption of full solar heating 
( e - QO) on one side of the cylinder (projected area 17 sq m). Under these 
circumstances, solar input is the dominant heat load. The working equations 
are as follows: 

^tot * ^solar %is3 " ^sc ^p ^Diss 

T - rszL 

req’d a e 
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TABLE 3. 3.5-3 Thenul Oloslpatlon from CMC Housing 


Surface 

sc 

Properties 

e 

Solar 

Input 

CH6 

Dlsslnatlon 

Total 
Rel action 

Required 

Temperature 

0.3 

0.9 

7.1 

1.1 

8.2 

-64 C 

0.9 

0.9 

21.2 

1.1 

22.3 

- 5 C 

0.3 

0.3 

7.1 

1.1 

8.2 

+ 2 C 


Rsfsrsncss 

1. Brogren. Z. W. , Birclsy* D. L. & Strasysr, J. W. 

''Zi;' led Thermal Estimation Techniques for Large Space 
Ktrucfures.*’ NASA CR 145252* October 1977 

2. French* E. P.* et al» 

"Passive Thermal Control of High Power Space Systems" 
Rockwell Space Division Report SD 76-SA-0202 
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TABLE OF NOMENCUTURE 


Syabol 

Exolanatlon 

A 

Area 

Cp 

Specific heat 

0 

Girder depth 

t 

Solar radiation fraction 

he 

Solar constant 

k 

Themal conductivity 

L 

Length 

1 

Fin width 

P 

open fraction 

Q 

Energy flow rate 

T 

Absolute temperature 

t 

tlM 

W 

Width 

X 

Kondlmenslonal width 


Greek Letters: 
a 

6 

e 

n 

e 

p 

a 


Subscripts: 

c 

IB 

O 

R 

tf 


Soler absorptivity 
Thickness, depth 
Theme 1 emlsslvlty 
Effectiveness 
Angle of Incidence 
Density 

Stefan - Boltzaunn constant 
Theroal time constant 
Craybody shape factor 

Pertains to conduction 

Pertains to mesh 

Initial or base value 

Pertains to radiation 

^•>^t«lns to girder web or to waveguide 
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The propulsion subsystems for ths advanced communications antenna plat- 
form consist of an orbit transfer propulsion system for transporting the antenna 
platform from low earth orbit (LEO) to geosynchronous equatorial orbit (GEO), 
and a reaction control system (ECS) for performing stationkeeping at CEO. 

Reaction Control System (RCS) 

An RCS Is provided for control of the antenna platform at the operational 
altitude In geosynchronous equatorial orbit (GEO). The RCS provides control 
for both translation maneuvers (stationkeeping) to maintain position in orbit 
over the earth reception target area, and for attitude orientation control in 
conjunction with the attitude and velocity control subsystem (AVCS). 

Summary . The key features of the RCS are summarized in Table 3. 3.6-1, 
and the RCS module is illustrated in Figure 3. 3. 6-1. 


Table 3. 3.6-1. RCS Summary 


Propellants 

N 2 O 4 /MMH 

Pressurization gas 

Helium 

Total Impulse 

26.2>«10®N-8ec ( 5. S^iof^ lb-sec) 

Number of modules 

4 

Number of thrusters 

16 

Thrust, Each 


12 thrusters 

4.4 N (1 Ibf) 

4 thrusters 

44 N (10 Ibf) 

Total weight 

12,800 kg (28,200 lb) 


Requirements . Control of the antenna platform in GEO is required for 
the anticipated life of the vehicle which is assumed to be 20 years* duration. 
For purposes of sizing the RCS propellant quantities, a resupply interval of 
seven years is assumed. The life of storable propellant tankage, and pro- 
pellant management devices, and other components Is estimated to be 7 to 10 years. 

Functional requirements for the RCS consist of (1) translation maneuvers 
(stationkeeping), and v2) attitude orientation maneuvers. The translation m.m- 
euvers consist of north-south stationkeeping, east-west stationkeeping, and 
overcoming solar pressure, with the required velocity Increments shown ir 
Table 3. 3. 6-2. The total velocity Increment required for translation maneuvers 
is 427 m/sec (1400 ft/^ec) for a seven-year period in GEO. The RCS thrusters 
are fired once per day for translation maneuvers. The RCS attitude orientation 
function is required for the periodic moroentum dump of the AVCS control moment 
gyros (CMC). The total impulse per axis for pitch and yaw/r<-,n ig shown in 
Table 3. 3. 6-2. A total Impulse of 2. 8><10^N-sec (632,031 lb-»ec) for a aeven- 
year period is dedicated for CMC momentum dumping exclusively. In addition, 
an equal amount of total impulse for momentum dumping is assumed to accrue 
from some translation maneuvers that may be synchronized to occur fur moroentum 
dumping. The RCS thrusters are fired every 12 hours (twice a day) for CMC 
dumping. 
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Table 3. 3.6-2. RCS Requirements 


1. Translation maneuvers 

a. North-south stationkeeping 

b. East-west stationkeeping 

(and solar pressure) 

Total translation 
(One f.ring/day) 


60.9 

or 

426.7 

(200) 

(1400)/7 yr 


Total Impulse/7 years 

2. Attitude control CMC momentum dump 

N-sec 

(lb-sec) 

a. Roll/yaw 

2.2x10* 

(496,309) 

b. Pitch 

0.6x10* 

(135.722) 

Total momentum dump 
(Two firings per day) 

2.8X10* 

(632,031) 


Deacrlptlon . A 16-thruster configu.'ation, grouped In four modules with 
propellants and located at the four corners of the rectangular-shaped platform, 
provides an RCS tht;t meets the mission and functional requirements. This con- 
figuration is shown on Sheet No. 1 of Drawings 42662-25 (Erectoble Structure) 
and 42662-26 (Space-Fabricated Structure), presented in Appendix A. The corner 
locations were selected to provide maximum-length moment arms and to avoid 
thruster exhaust impingement on the vehicle structure and components. 

Each RCS module contains an oxidizer tank, a fuel tank, rnd helium 
pressurization tanks located within a structural shell that acts as a mlcro- 
meteorold shield and for thermal control (Figure 3. 3. 6-1). On one side of the 
module, an assembly of four thrusters is located, with a docking port on the 
opposite side for mating and attachment to the platform structure. 

Each assembly of four thrusters (per module) consists of one 44-N '10-lbf) 
thruster (N-S stationkeeping) and three 4.4-N (1-lbf) thrusters oriented for 
CMC momentum dumping about the pitch, roll, and yaw axes, and for E-W station- 
keeping. Operation of the four-module RCS Includes firing two 44-N (10-lbf) 
thrusters at a time for N-S stationkeeping, and alternately two or four 4.4-N 
(1.0-lbf) thrusters at a time for three-axis CMC momentum dump and E-W station- 
keeping. 

Storable propellants (N20i,/MMH) were selected for the RCS to be compatible 
with long-duration propellant storage for the seven year resupply interval .-.iid 
still provide reasonable performance. Bi-propellant RCS thrusters, such as 
those being developed by Aerojet {2-N (0.5-lbf), 22-N (5-lbf), and 445-N (100-lb) 
thrusters] provide a steady-state specific impulse of 2750 N-sec/kg (230 sec) 
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to 2890 N-soc/kg (295 sec). These performance values were used in sizing 
propellant quantities since relatively long pulse durations are required. 

[For N-S stationkeeping, the (10-lbf) thrusters fire for 33 seconds dur- 
ation* and the shortest pulse for the 4.4-N (1.0-lbf) thrub*'er is 13 seconds 
duration for pitch attitude Clffi dumping.] RCS propellant requirements were 
based on a platform weight of 47,700 kg (105,000 lb) without RCS, and with 
RCS u platform weight of 60,500 kg (133,000 lb). Each RCS module contains 
2294 kg (5058 lb) propellant and has an initial gross weight of 3200 kg 
(7050 lb) which does not include the docking port. The total gross weight 
of the four RCS modules is 12,800 kg (28,200 lb). 

Orbit Transfer Propulsion System 

A cluster of five low-thrust propulsion modules is provided for transport- 
ing the antenna platform from the construction altitude in LEO up to the oper- 
ational altitude at GEO. 

Stnmnary . The key features of the orbit transfer propulsion system are 
summarized in Table 3. 3. 6-3. The low-thrust propulsion (LTP) module is 
illustrated in Figure 3. 3. 6-2. 


Table 3. 3. 6-3. Orbit Transfer Propulsion Summary 


Propellants 

LO 2 /LH 2 

Total Impulse 

515x10® N-sec (116x10® lb-sec) 

Number of modules 

5, parallel 

Firing/staging sequence 

3/2 modules 

Number of engines 

20 

Thrust, each 

22,240 N (5000 Ibf) 

T/W, max. 

1.96 N/kg (0.2 Ibf/lbm) 

Ignition weight: each 

25,992 kg (57,303 lb) 

5 modules* 

129,961 kg (286,515 lb) 

Boiloff 

6% 

Loaded weight: each 

27,343 kg (60,280 lb) 

5 modules 

136,713 kg (301,400 lb) 

1 *For antenna platform weight of 60,485 kg (133,346 lb). 


Requirements . The significant requirements for the orbit transfer pro- 
pulsion module that are discussed Include the following: thrust-to-welght 

(T/W) ratio, velocity Increment, maximum size and number of modules, propellant 
storability, and thrust vector control (TVC). 

A maximum T/W of 1.96 N/kg (0.2 Ibf/lbm) is Imposed on the propulsion 
module design by the structural limitations of the space-fabricated structure 
and its tri-beam design geometry (refer to Structures section for additional 
details and comparison with the erectable pentahedral truss design). A common 
propulsion module design is used for both the erectable and space-fabricated 
platforms since the platform weights are comparable. This imposes a similar 
T/W of 1.96 N/kg (0.2 Ibf/lbm) on the erectable structure, although the 
structural analysis indicates that T/W values considerable in excess of u.iis 
are feasible for this particular structure if the additional weight penalty 
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Is acceptable. The maximum T/W value will determine the thrust requirements 
at burnout, and impact engine requirements fur either the use of multiple 
engines with sequential shutdown to control T/W as propellants are consumed, 
or the use of fewer engines but with throttling requirements for T/W control. 

The maximum size of the propulsion module is required to be such as to 
take full advantage of the current Space Shuttle orbiter payload capability 
and to minimize the number of orbiter flights and operational costs, since 
multiple modules are Indicated from the magnitude of the platform weight 
Involved. A maximum gross weight for the orbit transfer propulsion module 
of 28,803 kg (63,100 lb) was established. The required number of modules is 
determined by the platform weight requirements, the velocity Increments for 
orbit transfer, and propulsion specific impulse values. Propellant off-loading 
Is used in matching these requirements with the basic module. 

The required velocity increments as a function of T/W is shown in 
Figure 3. 3. 6-3. This curve shows the velocity requirements for orbit transfer 
from a 28.5-dcgree inclined LEO of approximately 280 km (150 nmi) altitude 
to geosynchronous equatorial orbit (GEO). For a T/W range of 0.96 to 1.96 N/kg 
(O.l to 0.2 Ibf/lbm), a AV of 4389 m/sec (14,400 ft/sec) is required, based on 
a two-impulse burn and Hohraann transfer. It should be noted from the curve 
that AV requirements at T/W values less than 0.96 N/kg (0.1 Ibf/lbm) Increase 
greatly, which Is due to larger gravity losses occurring with the longer trip 
times associated with less acceleration. 

Propellant storabillty is a requirement for the entire elapsed time from 
propellant tanking to burnout. The use of cryogenic propellants requires 
adequate insulation for tanks to minimize boiloff propellant losses. Transit 
times to LEO and, subsequently, to GEO are relatively short (measured in 
minutes and hours), so that the elapsed time that impacts boiloff the greatest 
is the time required in LEO to accumulate the necessary number of propulsion 
modules. This elapsed time may be on the order of eight weeks, based on the 
following simplified scenarios: 

• A single Space Shuttle orbiter is dedicated to the construction 
of the platform spacecraft. 

• The orbiter requires a two-week turnaround period between 
fl ights. 

• A total of five propulsion modules arc required, and determines 
the orbiter flights required to transport them to LEO. 

From this example, it can be seen that the fifth module arrives in LEO ciglit 
weeks after the first module. 

Thrust vector control (TVC) Is required for steering the spacecraft dur- 
ing engine burn periods. TVC about the pitch, yaw, and roll axes is required. 

Description . A cluster five cryogenic propulsion modules is provided 
for orbit transfer of the antenna platform. Each module is a single-stage 
design with four glmbaled engines of 22,240 N (5000 Ibf) thrust each, using 
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liquid hydrogen and liquid oxygen propellants. This configuration is shown 
on Sheet 1 of Dravinge 42662-25 (Erectable Structure) and 42662-26 (Space- 
Fabricated Tri-Beam Structure) presented in Appendix A. A thrust structure 
is provided for transmitting thrust loads from the five modules into the 
platform structure. Module mating to thrust structure is via docking ports. 

The five propulsion modules are operated In a 3-2 firing/staging sequence. 
Operating in this node, the five-module cluster is capable of transporting a 
maximum 63.500 kg (140.000 lb) of payload from LEO to GEO (after allowing 6% 
propellant boiloff from each module). The total firing time of each module 
is approximately 20 minutes at full four-engine thrust per module. In actual 

practice, durations slightly longer will result when paired enslnes are shut 
down to control T/W. and when sequential startup and shutdown by engine pairs 
are done in ten-sec<ttd intervals in order to reduce the dynamic amplification 
of the platform structure during these thrust load transients. 

The Initial three modules require a single firing for the perigee bum. 
then are staged off at burnout, and the remaining two modules arc fired to 
achieve the remaining perigee bum AV. A second start for the two modules 
is then required for the apogee bum to circularize the orbit at GEO. 

With multiple engines per module, the T/W is controlled to remain below 
the 1.96 N/kg (0.2 Ibf/lbm) structural limit (space-fabricated tri-beam) by 
sequential shutdown of engines in pairs. For example, during the three-module 
bum. the initial T/W is 1.4 N/kg (0.143 Ibf/lbn) with all engines firing 
(266,890 N or 60,000 Ibf thrust total) and it remains below 1.96 N/kg 
(0.2 Ibf/lbg,) until just prior to burnout; then, if two engines are shut down 
on each module the T/W would be reduced to 1.1 N/kg (0.111 Ibf/lbjg) at burn- 
out. For the remaining two-module bums made subsequently, the initial T/W 
is 1.6 N/kg (0.16 Ibf/lbg,) with all engines firing (177,930 N or 40,000 Ibf 
thrust) and it remains below 1.96 N/kg (0.2 Ibf/lbg,) for Initial half of the 
burn AV, then two engines per module are shut down to bring the burnout T/W 
to 1.3 N/kg (0.135 Ibf/lbg,). During the orbit transfer phase, the antennae 
feed horn assemblies are in a retracted position, and the solar arrays which 
have been deployed are in a tied-down hinged (folded) position for accelera- 
tion ot this phase. 

Thrust vector control is provided by the gimbaled engines. During orbit 
transfer steering, pitch is provided about the X-axis, yaw about the Z-axis, 
and roll about the Y-axis. The gimbaled engines are ganged in pitch and yaw 
and differentially gimbaled with the outer modules for roll control. This 
mode of TVC with the multiple engine configuration provides control under all 
conditions of 3-2 module staging and paired engine operation for T/W control 
or structural dynamic deavpllfication. Multiple engines provide the necessary 
flexibility for meeting these varied conditions. 

The propulsion module is shown in Figure 3. 3. 6-2 with some details and 
overall dimensions. A single oxidizer tank, fuel tank, and helium pressuriza- 
tion gas tanks are located within a structural shell that acts as a micro- 
meteoroid shield. The design features the use of non- integral propellant 
tanks with multi-layer insulation for control of boiloff. Based on prior 
studies, an allowance for one-inch-thick MLI would control boiloff of LO 2 /LH 2 
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propellants to 0.7X per week of on-orbit holding time. An allowance of 6% 
boiloff was aseumed for an eight-week period to transport all five modules 
to liBO. 

The overall dimensions of the module are compatible with arbiter payload 
bay sise and the overall length is within the 10.7 m (35 ft) length target 
for OTV design. This is accomplished in part by the use of multiple 22,240-N 
(5000-lb) thrust engines which are short, and eliminates the need for nozzle 
retraction mechanisms. 

The propulsion module design weight summary with maximum propellant 
loading is shown In Table 3. 3.6-4. The inert weight includes allowances for 
subsystems such as structure, thermal control, avionics, propulsion, residual 
fluids and contingencies, based on prior studies of NASA Tug and USAF Orbit- 
to-Orbit Shuttle (OOS). With maximum propellant loading, the five LTP modules 
ere capable of transporting a maximum of 63,500 kg (140,000 lb). 


Table 3. 3. 6-4. LTP Maximum Propellant Load Conditions 




IM 

Maximum gross weight 

28,803 

(63,500) 

Maximum propellant load 

25,317 

(55,815) 

Inert weight 

3,486 

(7,685) 

Stage mass fraction 

0.879 

6% propellant boiloff 

1,519 

(3,349) 

Usable propellant 
(after boiloff) 

23,798 

(52,466) 


Each of the four engines include provisions for two-axis glmbaling for 
TVC. The engine is a staged combustion design based on the technology 
development of the Advanced Space Engine (ASE) . The performance and size of 
the 22,240 N (5000 .bf) thrust engine is summarized in Table 3. 3.6-5. 

Table i. 3.6-5. Engine Performance Summary 


Thrust 

Chamber pressute 
Nozzle expansion area 
Propellants 
Mixture ratio, 0/F 
Specific Impulse 
Overall length 
Nozzle exit diameter 
Weight 


22,240 N (5000 lb) 

10,342 kPa (1500 psia) 
400:1 
LO2/LH2 
6:1 

4,580 N-sec/kg (467 sec) 
1.32 m (52 in.) 

0.76 m (30 in.) 

49.9 kg (110 lb) 
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3*3>7 Attitude Velocity Control gubsyatwn 

The main features and characteristics of the attitude and velocity control 
subsystem (AVrS) are summarised in Figure 3. 3. 7-1. 

The AVC8 is designed to perform several post-construction functions. It 
controls the vehicle's attitude, points the solar arrays, controls the crbit 
transfer maneuver, and regulates the vehicle's on-station velocity. 

The following text discusses the most important considerations which define 
the AVCS. The discussion and supporting studies are intended to define the AVCS 
in enough detail to satisfy the needs of this space construction study. It is 
in this spirit that many of the detailed trade studies required to fully define 
AVCS components are replaced by engineering Judgment. Even though a more 
detailed study might modify the subsystem design somewhat, it is believed that 
the hardware described here is representative of the type needed for the 
Advanced Communications Platform, and it will properly exercise the construction 
aspect of this study. 

Attitude Control 


A primary function of the AVCS is to control the angular orientation of 
the vehicle. The attitude control requirements are different for each phase 
of flight, but the attitude control components are largely sized by the require- 
ment to point the antennas accurately during nominal on-station operations. 

The operational attitude control accuracy requirement is derived from the 
antenna pointing requirement. The antennas must be pointed with an overall 
accuracy of one beam width (0.258”), and then the movable fe«ids are positioned 
to steer the antenna to an accuracy of one-tenth of a beam width. (The beam 
steering concept is discussed in Section 3.3.8). The total antenna pointing 
accuracy is budgeted among the major error sources in Table 3. 3. 7-1. The 
attitude control portion appears as the first two entries. They, and other 
system requirements, are satisfied by orienting the vehicle with its long 
axis perpendicular to the orbit plane to the following accuracies: roll, 0.08”; 

pitch, 0.08”; and yaw, 0.10”. 

In addition to meeting the above accuracy requirements, the AVCS must also 
prevent the vehicle from drifting faster than the beam steering adjustment rate 
of approximately S^IO'** deg/sec. 

Selection and sizing of the attitude control actuators is largely dictated 
by the environmental disturbance torques. The angular momentum buildup values 
caused by the two largest disturbances are listed in Table 3. 3. 7-2. The most 
significant component of momentum buildup is the secular roll/yaw momentum 
caused by solar pressure acting on the offset solar array to produce a contin- 
uous 1.6 N-m torque. That torque causes a momentum vector to build up rapidly 
(5800 N-m-sec/hr) in the roll-yaw plane. It remains approximately Inertially 
fixed (rotating one revolution per year), and therefore it appears alternately 
in the roll and yaw axes as the vehicle rotates once per day. 
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Figure 3. 3. 7-1. AVCS Summary, Advanced Communications Platform 
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Table 3. 3.7-1. Antenna Pointing Accuracy Error Budget 


Budget 

(deg) 


Attitude determination 0.050 
Control dynamics 0.100 
Thermal deformation of structure and 

feed horn boom 0.100 
Thermal deformation of antenna reflector 0.006 
Hanufacturlng and assembly tolerance 0.210 

BBS total (one beam width) 0.258 



Table 3. 3. 7-2. Momentum Buildup due to Disturbance Torques 



Roll 

Pi 

Ltch 

Yj 

BW 

Disturbance 

Secular 

N-m-sec/hr 

Periodic^ 

N-m-sec 

Secular 

N-m-sec/hr 

Periodic^ 

N-m-sec 

Secular 

N-m-sec/hr 

Periodic^ 

N-m-sec 

Gravity 

gradient 

130 

20 

12 

1900 

*** 

*** 

Solar 






*** 

pressure 

5800^^ 

hh* 

55 

120 

5800^^ 

Total 

5930 

20 

67 

2020 

5800 

*** 


'^Maximum value 

♦♦Alternates between roll and yaw axes 
♦♦♦Negligible 
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Standard daaign practice la to uaa momenttim exchange devicea (control 
wheela) to compensate for the environmental diaturbancea and RCS Jets to unload 
the tdieels to prevent excessive wheel spin rates. This technique has the advan- 
tage of using propellant to counter the secular momentum buildup* while the 
cyclic momentum causes the wheel speed to oscillate about sero with a bounded 
maximum value. This concept works very well when the cyclic momentum buildup 
is much greater than the secular momenttm buildup. In that case, the wheels 
are mainly sized by the peak cyclic momentisn level and the RCS jets do not 
have to fire very often to unload the secular component of momentum. 

The advanced communications platform is different. The secular momentum 
builds up much more rapidly than the periodic momentum. The simplest attitude 
control design is achieved by changing the vehicle's configuration to balance 
the solar pressure forces to produce a near-zero torque. Vehicle configuration 
considerations make such changes difficult to Justify without extensive trade 
studies. Therefore, an arbitrary decision is made to size the momentum exchange 
devices to store 12 hours of momenttnn buildup. The RCS Jets are fired twice 
a day to unload the wheels at the same time that stationkeeping maneuvers are 
performed. In this way, some propellant savings can be realized and tt>e number 
of thruster firing cycles is reduced to a reasonable value (<100,000 firings 
per thruster over seven years). 

The only momentum exchange devices presently available with the capacity 
required for 12 hours of momentum storage are control moment gyros (CMCs). A 
cluster of seven single-axis CMGs sized for the Advanced Communications Plat- 
form is illustrated in Figure 3. 3. 7-2. They possess Important advantages: 
the seven CMCs provide for a large measure of redundancy (as few as three CMGs 
provide three-axis control), and the CMGs can produce large torques (~10,000 N-m) 
with a relatively high bandwidth (up to 15 Hz) to quickly settle the transient 
responses caused by Jet firings. 

The CMGs are included as a representative momentum exchange device which 
satisfies the advanced communications platform's requirements. Other devices 
presently under development may be better suited for this application. Two 
examples are very large momentum wheels and the annular momentum control device 
(a magnetically suspended spinning hoop being tested by NASA/Langley Research 
Center). 

A propulsion subsystem with reasonable design parameters can handle the 
twice-per-day momentum dumping maneuvers (see Section 3.3.6). A low thrust 
level of 4.4 N (1.0 lb) is selected to limit structural response and to pro- 
duce acceptable thrusting durations. The attitude control RCS Jets are fired 
to induce a vehicle rate of no greater than 6xl0'''deg/sec: and then the (^s 
arrest the vehicle's motion over the next several minutes, thereby reducing 
the net momentum stored in the wheels. This maneuver is repeated 20 to 40 
times to unload the total 12-hour momentum buildup. 

Several types of attitude sensors are available: 

Earth Sensors . These devices determine 2-sxis attitude information to 
an accuracy of approximately 0.23*’ in low earth orbit, and approximately 0.05** 
in geosynchronous earth orbit. 
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Sun 8m>or« . Sun ««nnora deternlnn onn-axla or cwo^axls attituda Infom- 
atlon to an accuracy of approxisataly one arc-nin. 

Star Senaora , One acar aenaor can datemlna cuo>axia attitude Infomatlon 
to an accuracy 1 to 10 arc-aac. Thraa^axla infomatlon ia aatabliahad by uaing 
two sanaora, or conbining one or more atar aanaora within an inertial iMaaura- 
laent unit (IMU). The latter concept haa the advantage of providing continuoua 
iAfonaation to an accuracy of lean than 1 arc-min.» However » atar aeneora My 
e^erlenee '’blackout'* perloda whan auitabla atara are not in the field of view. 

When the requirement to determine on-orbit thrre-exla attitude to an accur- 
acy of 0.05* (180 arc-aec) in an ecrth ataring mode ia conaidered. together with 
the tranafer orbit requirement to deteroine three-axia attitude to the aame 
level of accuracy in more general oriantatlona, the choice of aenaora ia limited 
to the atar aenaor claaa. A typical atate-of-the-art atellar-aided IMU ia 
aelected for thia project. Ita characteriatica were given previoualy In 
Figure 2. 3. 5-5. 

Better aenaora will probably be available fur the advanced communicetiona 
platforma. For exMiple. atar aeneora uaing charged coupled device detectora, 
improved digitel electronica and laae;.' gyroa are under development, and they 
will reault in a lighter, more reliable aeneing package. 

The foregoing attitude control couponenta aiaed for on-atation operationa 
are capable of controlling attitude during tranafer from the conatruction orbit 
to CEO. However, thruat vector eteering ia alao required to control the AV 
maneuvera. Thia topic ia diacuaacd below in the Orbit Tranafer and Maintenance 
aubaection. 

Solar Array Pointing Control 

Two-axla glmbai driven point the aolar array at the aun. Two reaaonable 
methoda for pointing control are to cloae the gimbal drive loopa uaing a two- 
axia aun aenaor or to drive the aoler arrey in an open-loop faahion uaing 
emputed nun angle data developed on boerd from orbital ephemeria data and 
vehicle attitude reference data. Both capabllltlea are included to Improve 
reliability. 

Orbit Tranafer and Maintenance 


The AVeS controla velocity an well la the attitude. On atatlon, the 
north-aouth and eaat-weat velocity increramta are ad<.'ed to maintain the 
vehlcle'a geoatationary orbit. The cuacomary practice of uaing ground com- 
mando to initiate theae operarlona uaed here. The velocity correction 
requirenenta arc diacuaned in Secticu 3.2. 

The AVeS muat alao control orbit transfer thrusting maneuvers. Require- 
ments for this clement of the AVCS are accurate control of the vehicle's 
attitude and propulsion system and, secondly, avoidance of interaction between 
the control syatem and the structural bending of the vehicle. Accurate attitude 
control and thrust vector control are required to minimize velocity losses and 
correction maneuvers to reach the desired state in the geostationary orbit. 
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This accuracy aniat ba tradad off agaiaat tha aocond ?aqulrauanc. Control ays* 
tarn oparatlon can axcica cha atructura and raault in an unatabla Intaractlon. 
iachac thm add additional* dlatributad nanaora to tha vahicla lo naaaura 
atructural banding* tha al^lar and laaa coatly approach la to oparata the 
control ayaton at a frequency aufficimtly laaa than tha loweat atructural 
frequency. 

For a aiupllfiad attitude and thruat vector control ayatau* a rclationahip 
between control frequency and total velocity error ia ahown in Figure 3. 3. 7-3. 
Thia ia aiaplifiad in tha aaoaa that the vehicle ia aaauned to be rigid* the 
aenaora are perfect* and theve ia not the ultiaMtely required guidance loop 
which would reduce velocity errora by an order of magnitude. The figure ahowa 
that the total velocity error at burnout increaaea dramatically for control 
frequenciea laaa than 0.01 Ha. However* for frequencies greater than thia, 
velocity error ia a o newh at iaaeaaitive to frequency. Therefore* a ninimun 
allowable orbit tranafer control frequency of 0.01 Ha ia adopted. 

Structural Stiffneaa Requirementa 

Special care ia required to prevent unatabla interact iona between the 
AVeS and the vehicle* a atructure. The approach taken here ia to provide 
aufficient aeparation between the loweat atructural frequency end the control 
ayatem frequenciea. Thia approach ia diacuaaed in the Structural Stiffneaa 
Requirementa aubaection of Section 2.3.5. 

Stiffneaa requirementa ere preaented and compared with vehicle vibr^'tional 
frequenciea in Table 3. 3. 7-3. They are baaed on the aame analyticol procedure 
deacribed in Section 2.3.5. Adequate frequency aeparation cxiata with the 
preaent deaign. 
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3.3.8 Tracking. Telemetry and Control Subsystem Definition 


During the normal operation In geosynchronous orbit or during partial con- 
struction In low-earth orbit, the communications and tracking subsystem of the 
Advanced Communication Platform uses S-band and Ku-band links to provide. In 
addition to tracking, reception of commands at a maximum rate of 216 k blts/s. 

The subsystem also provides a transmission capability (return link) for telemetry, 
television, and data at a maximum rate of 50 M blts/s. S-band links may be 
established with a ground station and both S-band and Ku-band may be routed 
through NASA's Tracking and Data Relay Satellite System. A simultaneous capa- 
bility to communicate with the Space Shuttle Orblter (directly In LEO, Indirectly 
while In geosynchronous orbit), GSP, or other spacecraft Is also provided on 
S-band. See Figure 3. 3. 8-1. 

S-Band and Ku-Band Links 


While in low-earth orbit (LEO) the link capability Is identical to that 
as given previously in Figure 2. 3. 6-1, and Tables 2. 3. 6-1 and 2. 3.6-2. When 
the platform is In transition from LEO to GEO there should be enough rate 
capability available on S-band alone for the command and telemetry needs. All 
viewing aspects of the ascent have not been checked out as yet, however. 

Once In geosynchronous orbit, there is a multitude of links available fot 
the Advanced Communications Platform. The task here Is to provide the essential 
needs with allowance for failures. It Is reasonable to use the shuttle system 
less the Ku-band radar assembly as outlined previously. In addition an S-band 
parabolic reflector (3.4m) with 34 dB gain Is needed to overcome the added 
space loss due to the increased range at GEO. With this addition, the Advanced 
Communications Platform has the following capacities as outlined in Table 
3. 3.8-1. Note that Link 2 has been derated in data rate to compensate for 
the Increased range. Link 1 In this tabJe Is Link 3 In Table 2. 3.6-1. The 
RF power required Is 100 watts. 
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Figure 3. 3. 8-1. Communication Links for 
Advanced Communication Platform 
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Table 3. 3. 8-1. S-Band and Ku-Band Link Capacity for Advanced Communication Platform at GEO 


LINK 


ONE-WAY OR 
TWO WAY? 


FREQUENCY 


DATA RATE 


NOTES 




S-BAND 

PM TO STDN, SCF OR 
TDRSS 


FM TO GROUND 
(STDN OR SCF) 


TWO 


RETURN 2200-2300 MHz 
FORWARD 2025-2120 MHz 


192 Kb/s 
72 Kb/s 


RF POWER = 100 W 

ANTENNA » PARABOLIC 
(3.4 M DIAMETER) OR 
4 QUAD OMNIS 


ONE 


RETURN 2250 MHz 
(10 MHz BANDWIDTH) 


1.6 Kb/s 


RF POWER » 10 W 
ANTENNA » 2 HEM I OMNIS 


Ku-BAND 


TO TDRSS 


TWO 


RETURN 14.85-15.15 GHz 


FORWARD 13.75-13.80 GHz 


50 Mb/s 
DIGITAL OR 
4.5 MHz 
ANALOG TV 

2 Mb/s 
PAYLOAD 

192 kb/s 
TEL£METRY . 

216 Kb/s 
COMMANDS 


RF POWER = 50 WATTS 
ANTENNA = PARABfLIC 
(0.9 M DIAMETER) 

TIME COVERAGE >35^ 


HAS DATA & PN RANGE 







3.4 MASS PROPERTIES 


suw m syrtwiwowiow 
tpaet tyitoiM Group 


^1^ Rookwtii 
^1^ Intamirtlonal 


Table 3.4-1 presents the mass summary statement for the two platform 
configurations under study. 

3.4.1 Rationale for Analysis 

Basic structure masses were based on structures analysis and sizing. 

The docking port masses were based on modified Apollo/Soyuz units while the 
rotary joint mass was calculated from a layout. The systems control module 
mass are based on nominal specific unit weights. 

The solar panel mass was based on th<* standard Lockheed panel of 0.752m 
X 4m dimension with a mass of 3.147 kg. For the antenna platform configurations, 
additional deployment and canisters were required. The remainder of the elect- 
rical power and distribution mass was based on analysis and requirements. 

The attitude control mass, consisting of CMG's and the RCS were based on 
requirements reflected by the satellites mass properties and mission require- 
ments. 

The mass of the TT&C, Thermal and Information Management and Control 
are estimates based on prior studies. The mass of the Microwave and Communi- 
cation Systems were based on scaling algorithms. Propellant mass was based 
on satellite mass properties and mission requirements. 

3.4.2 Discussion 


The 16 antenna modules represent 25 % of the total dry weight of the 
project. The total electrical power system required to operate the 
antennas has an estimated weight of 15,817 kg, which accounts for 
approximately 30% of the total dry weight. Within the power generation 
system, which includes the solar array and the power storage batteries, the 
power storage battery system represents more than 31% of the weight. The power 
distribution system alone accounts for approximately one-half of the total 
electrical power system weight. 

The primary structure, including the docking ports, represents approxi- 
mately 20% of the total weight. The docking ports, however, contribute the 
major portion of this weight, 7,148 kg, compared to 3,297 kg for the basic 
primary structure. 

The orbit transfer propulsion system weight is approximately 2.5 times 
the total weight of the operating communications platform being transported 
from LEO to GEO. 


3-109 


SaMIN* tyilMm OlvMofi 
Space Syatama Oraup 


^1^ Rockwall , 
International 


Table 3.4-1 

Maas Summary - Advanced Communications Platforms 
(Mass in Kg) 


Configuration 
Erectable Space Fab 


Structure & Mechanisms 

( 12,832) 

( 13,330) 

Basic Structure 

3,297 

3,795 

Systems Control Module 

1,537 

1,537 

Mechanisms 

( 7,998) 

( 7,998) 

Docking Ports 

7,148 

7,148 

Rotary Joint Module 

850 

850 

Electrical Power & Distribution 

( 15,817) 

( 15,817) 

Solar Energy Collector 

( 1.938) 

( 1,938) 

Solar Panels 

1,360 

1,360 

Structure & Deplay Mech. 

578 

578 

Battery System 

( 4,910) 

( 4,910) 

Batteries 

4,325 

4,325 

Chargers 

154 

154 

Wire Harness & Control 

99 

99 

Switch Gear (6) 

192 

192 

Bus Tie Connectors (2) 

140 

140 

Distribution 

( 7,584) 

( 7,584) 

Conductor 

( 5,337) 

( 5,337) 

EPD Wire Harness 

249 

249 

Antenna Harness 

5,040 

5,040 

Slip Ring/Brushes 

48 

48 

Equipment 

( 2,247) 

( 2,247) 

EPD Panel 

265 

265 

Switch Gear Box 

582 

582 

RF Interconnect Box 

1,400 

1,400 

Supports & Secondary Structure 

( 1.385) 

( 1,385) 
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Table 3.4-1 (Cont) 

Mass Summary - Advanced Communications Platforms 



Configuration 


Erectable 

Space Fab 

Attitude Control 

( 8,102) 

( 8,102) 

Control Moment Gyro 

4,491 

4,491 

Reaction Control System (Inert) 

3,611 

3,611 

TT&C 

( 136) 

( 136) 

Thermal (Battery & Eauio. Cooline & Radiator) 

( 395) 

( 395) 

Communication 

( 13,166) 

( 13,166) 

Antennas 

2,928 

2,928 

Feeds 

184 

184 

Electronics 

9,194 

9,194 

Feed & Ant. Boom Structure 

519 

519 

Actuating Mechanism 

81 

81 

Switch Gear Box (2) 

260 

260 

Information Manasement & Control 

( 860) 

( 860) 

Data Management 

516 

516 

Instrumentation 

344 

344 

TOTAL - SATELLITE (Dry) 

51,308 

51,805 

RCS Propellant (GEO) 

9,177 

9,177 

TOTAL - SATELLITE (Wet) 

60,485 

60,983 

ORBIT TRANSFER PROPULSION 



Inert (5 Modules) 

17,430 

17,430 

TOTAL - GEO Burn-Out 

77,915 

78,413 

Propellant (max, incl, 6% Boil-Off) 

119,283 

119,283 

(LO 2 /LH 2 ) 


VEHICLE GROSS MASS 

197,198 

197,696 
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3.S CONSTRUCTION REQUIREMENTS - ADVANCED COMMUNICATIONS PLATFORMS 

f 

I 3.5.1 Eracfbla Advanced Communications Platform 

i 

The following discussion presents general end specific requirements appll- 
^ cable to construction equipment and processes which are inherent in the design 

of the Erectable Advanced Communications Platform (Drawing 42662-25). 

These construction requirements are Inputs to the space construction 
analyses of Task 2.0. As discussed In this report Introduction, the Intent 
is to narrow down the total range of options by providing the Important guide- 
lines and constraints affecting construction strategy, along with characteris- 
tics of the major component parts which must be handled during the construction 
[ process of this specific project. Further, the key dimensional tolerances 

I potentially interacting with the construction accuracies are also included. 

Following the presentations of detail and unique requirements for the indivi- 
dual platform designs, a general discussion of common features is presented. 

I 

f Overall Strategy 

The following are specific, predetermined construction approaches which 
are inherent to the design. 

0 The basic structural trusswork Is composed of unions and struts. 
Selected Joints are of a moment-carrying type, assembled as a probe 
and drogue. The remainder are ball-and-socket Joints assembled from 
the side as described in Reference 1 (Section 3.5.4). Both are self- 
latching. 

o The major modular Installations are accomplished using a type of 
androgynous mating, interleaving petal, docking/berthing port 
identified as baseline for the shuttle program. 

0 The electrical power and signal wire runs are composed of segments 
Joined at Junction boxes and attached to the struts. 

o The overall configuration was developed to permit reach to the majority 
of critical installations points by use of the Shuttle Orblter RMS, 
assuming an assembly fixture mounted to the orblter. In this concept, 
the construction spacecraft is progressively transported across the 
top of the orblter along the Y axis. Other orientations are not 
s{eciflcally precluded. 

Component Inventory 

As a means to help quantify the magnitude nature of the construction pro- 
cess, an inventory of the significant component parts has been developed. 

Table 3. 5. 1-1 lists the quantity (number of parts), the overall dimensions 
and the mass which must be handled during construction. Also noted are key 
construction features which relate to Joining parts together or transporting 
parts. 
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G«n«ral Construction S«qu«nc« Ould»lln>« 

The following general guidelines apply Co setting up the desired con- 
struction sequence. 

o Set up construction fixture early In project (probably first activity). 

0 Construct basic structure prior to attaching subsystem modules and 
flexible Items such as electrical power and signal lines. Note that 
paralleling electrical power and signal lines can be Installed as a 
beam Is fabricated and/or Installed. 

o Consider thermal constraints on flexible plastic wire coverings, 
and other materials which might be brittle at low temperatures. 

Schedule for deployment during periods of solar heating when required 
(or provide thermal conditioning). 

o Install nickel-hydrogen batteries toward end of construction project, 
provide for thermal conditioning (radiator) at time of installation 
and put them on-line as soon as possible to avoid extended periods 
of storage in charged condition. 

0 Deploy large area solar arrays as late as possible to avoid desta- 
bilizing Influence of drag forces. 

o Install orbit transfer modules as the last Installation to minimize 
bolloff of cryogenic propellants. 

General Tolerances 

Table 3. 5. 1-2 defines the construction tolerances for the dimensions of 
the component parts and their Interfaces which are judged to be critical to 
mission success of the spacecraft. All other Interfaces will have tolerances 
specified which are consistent with good engineering practice. A description 
of the rationale and analysis effort which resulted in Table 3. 5.1-2 is con- 
tained in Appendix 4.2. 

3.5.2 Space Fabricated Advanced Communications Platform 

The following discussion presents general and specific requirements appli- 
cable to construction equipment and processes which are inherent in the design 
of the Space Fabricated Advanced Communications Platform (Drawing 42662-26). 

The presentation parallels that for the space-erectable advanced communi- 
cations platform construction requirements. 

Overall Strategy 


The following are specific, predetermined construction approaches inherent 
In the design. 
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Table 3.5. l-l Component Inventory 
Erectable Advanced Communications Platform 


ITEM 

DESCRIPTION 

QUAN 

SIZE 

LENGTH 

(m) 

HANDLED 

WIDTH 

(m) 

HEIGHT 
OR DIA 
(m) 

MASS 

(Kg) 

KEY CONSTRUCTION 
FEATURES 

Solar Array Wing 

2 

7 

16 

2 

2,210 

Accordian Deployment 
Rotary & Folding Joints 

Solar Array Hub Module 

1 

11.5 

5 

3.5 

2,396 

Docking/berthing port 
Rotary Joint 

Baccery/Radiator Module 

3 

4 

2 

2 

1,637 

Docking/berthing port 
(Radiator deployment) 

RCS Module 

4 

2.4 

2.4 

2.5 

3,345 

Docking/berthing port 

20.5 m Dia Antenna 

4 

10.5 

4.2 

4.5 

942 

Docking/berthing port 

13.8 m Dia Antenna 

4 

7.1 

2.8 

3.0 

573 

Deployment req'd 

7.5 m Dia Antenna 

4 

3.8 

1.6 

1.7 

2,389 

Massive, high vol 

6 m Dia Antenna 

4 

3.0 

1.2 

1.3 

565 


Systems Control Ctr Module 

1 

7 

■ 

4.3 Dia 

5,735 

One docking/berthing 
port 

Massive, large 

Orbit transfer thrust module 

5 

11.7 

- 

4.4 Dia 

28,949 

Docking Port Attach. 
Massive, large 



I 
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STT-C 


Table 3. 5. 1-1 Component Inventory (Continued) 
Erectable Advanced Comunications Platform 

SIZE HANDLED 


ITEM 

DESCRIF. ION 

QUAN 

IHNGTH 

(m) 

WIDTH 

Struts, Double Tapered, 
Ball-end 

150 

12 

- 

Struts, Bayonet End 

60 

12 

- 

Struts, Double Tapered, 

3/ 

6 

- 


1 

10 

- 


3 

13.4 

- 


20 

17 

- 

Unions, Socket Jt. Std 

16 

.12 

- 

Special 

7 

.12 

- 

Unions, Moa^nt - 
Carrying - No Port 

24 

.32 

• 

Unions, Moment 

Carrying, Dock Port 

18 

.32 

■ 

Docking Ports, Fittings 

11 

.64 

- 


HEIGHT 
OR DIA 

( ns) 

MASS 

(Kg) 

KEY 

CONSTRUCTION 

FEATURES 

.44 

Dia 

6.5 

Side approach to ball/ 
socket joint t long, 
thin shape. 

.30 

Dia 

22.7 

Axial appro>>ch to probe/ 
drogue jt^long, thin. 

.25 

Dia 

3.3 

Side approach to ball/ 
socket jt.jlong, thin 
shape. 

.20 

Dia 

8.4 



.20 

Dia 

11.2 



.19 

Dia 

9.0 



.21 

Dia 

4.5 

Small iteais 

.21 

Dia 

- 



1.2 

Dia 

5.7 

SmII items 

1.2 

Dia 

%5 

Probe/drogue type joints 
Crit. assembly sequence 

1.9 

Dia 

^10 

Dense structural element 


3-116 



Table 3«5.1-1 Component Inventory (Continued) 



Erectable 

Advanced 

Coanunicat ions 

Platfom 


ITEM 

DESCRIPTION 

QUAN 

SIZE 

LENGTH 

(m) 

HANDLED 

WIDTH 

(■) 

HEIGHT 
OR DIA 
(») 

NASS 

(Kg) 

KEY CONSTRUCTION 
FEATURES 

Interface Box 
12.0 & 14.0 GH 

E 

1 

1.0 

1.0 

1.0 

'V700 

Massive, dense berthing 
port installation 

Interface Box 
4.0 4 6.0 CH 

z 

1 

1.0 

1.0 

1.0 

x700 

(see above) 








Table 3. 5. 1-2. Critical Construction 
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0 The basic structural beams of triangular cross-section are fabricated 
by r beam builder machine similar to that developed by General 
Dynamics (Reference 2). The material is a non-metalllc composite 
of low thermal coefficient of expansion. 

0 Basic structural beams are welded together at right angles to form 
trusses. 

o The major modular installations are accomplished using a type of 

androgynous mating, interleaving petal, docking/berthing port similar 
to that identified as baseline for the shuttle program. 


o There are several diagonal bracing struts which are based on the 
"dixie-cup," hollow, tapered tube concept developed by Rockwell 
International and Langley Research Center. These utilize a ball and 
socket Joint concept at each end, which Is self-latching upon assembly. 

o The electrical power and signal wire runs are composed of segments 
joined at junction boxes and attached to outsides of beams between 
the various Installed modules. 

0 The overall configuration was developed to permit reach to critical 
installation points by use of the Shuttle Orblter RMS, using a con- 
struction fixture attached to the Shuttle Orblter. In this concept 
the constructed spacecraft is progressively transported across the 
top of the orblter along the Y axis. Other approaches are not pre- 
cluded. 

Component Inventory 

Table 3. 5. 2-1 lists the quantity (number of parts), the overall dimensions 
and the mass which must be handled during construction. Also noted are key 
construction features which relate to transport/handling or joining parts 
together or transporting parts. 

General Construct ion Sequence Guidelines 

General guidelines for the space fabricated platform are essentially the 
same as for the erectable platform except for the considerations specified to 
the beams, as follows: 

0 It lb probably desirable to manufacture all three longitudinal beams 
first to avoid the necessity of storing transverse beams and cross 
beams and/or using two beam machines simultaneously. 

General Tolerances 

Table 3. 5. 2-2 defines the construction tolerances for the critical dimen- 
sions of the component parts and their interfaces which are judged to be crltl- 
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Table 3. 5. 2-1 - Component Inventory- 
Space Fabricated Advanced Communications Platform 


SIZE HANDLED 


ITEM 

QUAN 

LENGTH 

WIDTH 

HEIGHT 

MASS 

KEY CONSTRUCTION 

DESCRIPTION 


(m) 

(m) 

OR DIA 
(m) 

(Each) 

(Kg) 

FEATURES 

Solar Array Wing 

2 

7 

16 


2,210 

Accordian deployment rotary 
& folding ioints 

Solar Array Hub Module 

1 

11.5 

5 

3.5 

2,396 

Berthing port, rotary 
joint 

Battery/Radiator Module 

3 

4 

2 

2 

1,637 

Berthing Port (Radiator 
Deployment) 

Bridge Fitting 

1 

5.3 

1.5 

2 

16 

Two attach points to ends 
of fab. beam 

RCS Module 

4 

2.4 

2.4 

2.5 

3,345 

Berthing port; dense, 
compact module 

20.5 m Dia Antenna 

4 

10.5 

4.2 

4.5 

942 

Berthing port 

13.8 m Dia Antenna 

4 

7.1 

2.8 

3.0 

573 

Deployment req'd 
massive, high vol. 

7.5 m Dia Antenna 

4 

3.8 

1.6 

1.7 

2,389 

1 

6 m Dia Antenna 

4 

3.0 

1.2 

1.3 

565 

1 

Systems Control Ctr 
Module 

1 

7 

— 

4.3 

Dia 

5,735 

Two docking/berthing 
ports, massive, large 

Orbit Transfer Thrust 
Module 

5 

11.7 

— 

4.4 

Dia 

28,949 

Docking port attach; 
massive, large 
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Table 3. 5. 2-1 - Component Inventory (Continued) 
Space Fabricated Advanced Communications Platform 


SIZE HANDLED 


ITEM 

DESCRIPTION 

QUAN 

LENGTH 

(m) 

WIDTH 

(m) 

Fabr. Longitudinal Beam 

3 

x236 

1.362 

Fabr. Transverse Beam 

48 

6 

1.362 

Fabr. Cross Beam 

24 

20 m 
to 
6 m 

1.362 

Docking port end fitting - 
Fab Beam 

22 

1.5 

— 

Thrust Structure 

1 

8 

8 

Struts, Double Tapered 

12 

11 

- 

Struts, Double Tapered 

4 

10 

- 

Junction Box(es) 

24 

.5 

.25 

Wire Segments, longit 

Approx . 

-vlO to 20 

- 

, cross 

40 

'V 5 to 14 

- 


HEIGHT 
OR DIA 
(m) 

MASS 

(Each) 

(Kg) 

KEY CONSTRUCTION 
FEATURES 

1.180 

372 

By beam builder low nat. 
freq. long & thin (weld to 
assemble) 

1.180 

11 

By beam builder (weld 
to assemble) 

1.180 

11-42 

By beam builder (weld 
to assemble) 

2 

-V. 5 

Weld to end of fab beam 

3 

136 

Triple docking port attach 

.2 

20 

Ball & socket joint 
long, thin, light 

.15 

- 20 

Ball & socket joint 
long, thin, light 

.25 

130 

Clamp to fab. beam 

<0.1 

<0.1 

2,965 

(Total 

Mass) 

Flexible or semi-flex 
electrical connector 
at ends. Clip to beam. 


i 



Table 3. 5. 2-2. Critical Construction Tolerances— 
Space-Fabricated Communications Platform 


ITEM DESCRIPTION 
LONGITUDINAL BEAM 

TRANSVERSE BEAM 
CROSS BEAM 

DOCKING PORT (STRUCT.) 
THRUST STRUCTURE 
STRUTS 

JUNCTION BOXES 
WIRE SEGMENTS 
SOLAR ARRAY WING 
SOLAR ARRAY HUB MOO 
BATTERY/RADIATOR MOD 
BRIDGE FITTING 
RCS MODULE 
ANTENNA MODULE 
SYST. CONTROL MOD 
ORBIT TRANSF. PROP. MOD, 


CRITICAL 

DIMENSION 

TOLERANCE 

ALLOCATION 

SYSTEMS AFFECTED BY 
CRITICAL DIMENSIONS 

CONSTRUCTION 

OPERATION 

LENGTH 

TWIST«^D 


+ 1 CM 
±0.6“ 

THRUST STRUCTURE 
ANTENNA, SCM, RCS 

CUTOFF DURING FAB 
FABRICATION 

LENGTH 

TWISTED 

BOWED 


+ l CM 
± 0 . 2 “ 
± 2.5 CM 

SYS. CONT. MOD (SCM) 
ANTENNA, RCS 
ANTENNA, RCS 

CUTOFF 

FABRICATION 

FABRICATION 

FACE ALIGN. WITH 
BEAM END (±0.1 CM) 

±0.1“ 

ANTENNA, RCS, THRUST 
STRUCTURE (TS) 

1 

OUT OF PLANE (±^ CM) 
DOCKING PORT ALIGN. 

± 0 . 2 “ 

±0.1“ 

ORB. TRANSF. PROP. 
ORB. TRANSF. PROP. 

GROUND FAB 
GROUND FAB 

NONE 


- 

- 

I 


NONE 

DOCKING PORT ALIGN. 



RCS MOO 

ANTENNA NOD 

SYS. CONT. MOD. 

ORB. TRANSF. PROP. 
MOD. 


GROUND FAB 


GROUND FAB 


DOCKING PORT ALIGN. 
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cal to mlaalon success of the spacecraft. All other Interfaces will have 
tolerances specified which are consistent with good engineering practice. A 
description of the rationale and the analysis effort which resulted in Table 
3. 5. 2-2 appears in Appendix 4.2. 

3.5.3 Construction Process Requirements Related to Common Features of 
Antenna Platform Configurations 

This section discusses significant construction process requirements and 
considerations which are implied by the selection of features common to the 
design of the two antenna platform projects. 

Identification of the appropriate common features and related construction 
issues are presented in Table 3.5. 3-1. In general, the modules attached by 
docking port-type devices could be installed any time after the docking port 
is Installed on the structure. This permits a large number of alternate possi- 
bilities. One major option is to Install subsystem modules as the trusswork 
is assembled, so that there is less lost motion in translating the construction 
fixture back and forth. Another significant option is to first assemble all 
of the structure, then Install the modules. Propulsion modules are considered 
best Installed last, especially as they Involve cryogenic propellants. 

Because of limited reach by the remote manipulator system, special methods 
may be required for the larger modules to be installed. Propulsion modules 
might be self-installed (fly-ln/dock module). If so, this would also provide 
reason to perform these installations after the main truss work is completed 
and mission equipment installed. Another practical consideration is that very 
large modules may require most of an orblter payload bay to carry each one 
(due to volumetric, c.g. , or weight limits). It is probably most efficient 
to do trusswork construction in as large a section as possible, thus avoiding 
re-positlonlng, setting up time and possibly use of several different support 
equipment devices (e.g., cherry picker, EVA, and effectors) on one mission. 

3.5.4 References 


1. E. Katz 

Advanced Technology Laboratory Program for Large Space 
Structures, Parts 1 and 2, Final Report, SD 76-SA-210, 

November 1976 (Revised May 1977) 

2. General Dynamics 

Space Construction Automated Fabrication Experiment Definition 
Study (SCAFEDS) Part II, Mid-Term Briefing. Briefing No. CASD- 
ASP77-011, 9 November 1977 
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TABLE 3.S.3-1 Construction Implications of Design 
FeatureSf Antenna Platforms 


Feature 

Oonstinictlon Implications 

Androgenoua docking port 
devices for Installation 
of major systems modules 
and conqponents. 

1 

1 

o Requires load-spreading Interface 
structure between docking port ring 
and basic structure. Additional 
stowage and assembly functions required 
for each port. 

o Provides possibility of soft berthing 
fly-in installation by remotely con- 
trolled vehicle or direct attach by RMS, 
cherry picker or other mechanism. 

o Provides measure of self-alignment . 
Installation device must give way/yield 
to accept this feature. 

o Hodules may be Installed during 
structure assembly or later as 
desired or appropriate. 

Antennas designed for single 
point attach to basic structure 
(docking port), power, signal, 
etc* , connections integrated 
with attachment, 
separate functions which occur 
shortly after mechanical attach- 
ment) . 

o Antennas handled as single modules from 
loading into Orblter through installation 
to spacecraft structure. 

o Considerations of Installing large 
modules apply. 

o Deployment follows Installation to basic 
structure. 

o Concept is essential for success in geo- 
synchronous, remotely controlled installation 

RCS units designed for 

single point attach to basic | 

structure. I 

o RCS units handled as single modules, 
o Considerations of installing large 
module eipply. 
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APPENDIX A 

PROJECT DEFINITION DRAWINGS 


This appendix contains the definition drawings describing the uajor 
configuration features of the three construction projects. They are 
arranged in order of discussion in the main text, rather than by numerical 
order, as follows: 

• Drawing Number 42662-27, SPS Test Article Concept Definition 
(3 Sheets) 

• Drawing Number 42662-20, SPS Microwave Antenna Configuration 
Concept (2 Sheets) 

* Drawing Number 42662-25, Advanced Communications Antenna 
Platform— Erectable, Low-Thrust Chem. Propulsion, 1-17-79 
(3 Sheets) 

* Drawing Number 42662-26, Advanced Communications Antenna 
Platform, Space-Fab., Low-Thrust Chem. Propulsion 
(2 Sheets) 

For each project, there is a general configuration sheet and a wiring 
arrangement schematic. Supplementary drawings describe details. Drawing 
Number 42662-25, Sheet 2, describes details common to the two advanced 
communications platfoinns. 
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APPENDIX B 

CONSTRUCTION TOLERANCES 

B.l INTRODUCTION 

The inaccuracies (tolerances) of fabricating piece parts on the ground 
and the fabrication and assembly of piece parts in space can result in incor- 
rect orientation of functioning systems. Incorrect orientation can, in turn, 
result in improper spacecraft operation (antenna to ground) , excessive weight 
(RCS propellants), and create spacecraft control problems. Many critical 
dimensions exist which can potentially add to the misalignment of the systems. 
Thus, it is necessary to determine the tolerances for each of the critical 
dimensions to ensure that the worst case misalignment will permit satisfactory 
operation of the satellite. 

The static colerances associated with the construction process are not 
the only concern in creating a properly functioning satellite. Thermal 
deformations can occur during the fabrication and assembly process, and 
dynamic and thermal distortions will be experienced during operation. Wliile 
these factors must be considered in the final design of the satellite, they 
were not considered in this investigation. Figure B-1 shows the complete 
process required for proper design of an operational satellite regarding the 
subject of construction tolerances and that portion covered herein. 

The investigation was made to provide the "first cut" allocations for 
fabrication and assembly of the parts for each of the three projects; 

1. Space-Fabricated Advanced Communications Platform 

2. Erectable Advanced Communications Platform 

3. SPS Test Article 

This effort was a first-cut as the allocated tolerances are to be used by the 
spacecraft designers as tliey formulate hardware designs and construction 
operations. While the allocations are expected to cause no serious design 
problems or hardware complexity, a realocat ion of the tolerances may be 
required as the design progresses. 


B.2 GROUND RULES AND ASSUMPTIONS 

1. System module assemblies (ground fabricated) will add no signifi- 
cant Inaccuracies (e.g., thruster-to-thruster orientation; antenna 
dish to feed horn). Dimcnslons/tolerances will be specified for 
these items, but their fabrication can be controlled to an accur- 
acy which will not be an additional concern for space assembly. 

2. Critical dimensions are those which will affect required operating 
accuracies of the project systems. 
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3. Structural deformation resulting from thermal exposure or 
stresses built in during construction have not been included 
in the determination of the static tolerance allocations. 

4. Only those operations/hardware which can have a direct effect 
on the alignment of the functional systems were considered 
(e.g., mating of electrical connectors was not considered). 

B.3 APPROACH 

The invcstigntlon was broken into five tasks, as described below. 

Task 1 — Identify functional systems where installation misalignment 
would cause undesirable operation. 

Task 2 — Establish construction tolerance requirements for each system, 
considering the following: 

• Operational alignment • Design complexity 

• Propellant usage • Environment 

• Spacecraft control (dynamic and thermal) 

Task 3 — Determine contributing sources of inaccuracies (tolerances) 
resulting from fabrication and assembly operations for each system. Allocate 
tolerances to each critical dimension considering reasonable fabrication 
practices for space operations and common fabrication capability for gcvaind 
operations. 

Task 4 — Discuss thermal distortion. 

Task 5 — Summary 
B.4 RESULTS 

B . 4 . 1 F unctional System Ident if icat ion 

Five basic func'ional systems were identified whlcli could affect the 
proper operation of the satellite if their final orientation is not controlled 
during the construction process (including alignment). Table B-1 lists the 
systems and the projects to which tliey apply. 

Figures B-2, B-3, and B-4 show the current conf igur it Ion and axis orien- 
tation for each of the three projects. 
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Table B-1. Project Applications for Systems of Concern 


T 


System 


Space-Fab . 
Comm . 
Platform 


Project 

Erect . 
Comm. 
Platform 


SPS 

Test Article 


ANTENNAS 

Eartli target 
Space target 


RCS 

ORBIT TRANSFER PROP. 
Low thrust chemical 
SEP 

SOLAR ARRAY 

SYSTEM CONTROL MODULE 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 

X 
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I CONCEPT APPROACH 

ADV COMM MISSION 

COMPATIBLE WITH 
LO-THRUST CHEM 
PROPULSION 


ORBIT TRANSFER 



• GO BEAM MACHINE 

• LENGTH 230 M 

• HEIGHT 6.5 M 


•ON-ORBIT PROPULSION 

STORAGE PROPELLANT QUADS 
1 LB & 10 LB THRUSTERS 

• ORBIT XFER PROPULSION 

ADVANCED CRYO 
4 X 5000 LB THRUST EA 

• ATT & VEL CONTROL 

CMG/RCS 

IMU 

STAR/EARTH/SUN SENSORS 

• GEO OPERATING WEIGHT 

134,500 LB 
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Figure B-2. Space-Fab Communications Platform 
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CONCEPT APPROACH 


ORBIT TRANSFER PROPULSION 


ADV COMM MISSION 


COMPATIBLE WITH 
LO-THRUST CHEM 
PROPULSION 


SYSTEMS CONTROL 
MODULE 


SOLAR ARRAY 
& POWER CONTROL 


COMM ANTENNAS 


• ORBIT XFER PROPULSION 

ADVANCED CRYO 
4 X 5000 LB THRUST EA 

• ATT & VEL CONTROL 

CMG/RCS 

IMU 

STAR/EARTH/SUN SENSORS 

• GOE OPERATING WEIGHT 

133,400 LB 


EREaABLE SiRUCTURE 

• STRUT-UNION 

• PENTAHEDRAL CELLS 

• 12 M STRUTS 

• OVERALL LENGTH 240M 


• ELEaRICAL POWER 

1312 m2 array 
LOCKHEED TYPE BLANKETS 
SILICON CELLS • 

• ON-ORBIT PROPULSION 

STORABLE PROPELLANT QUADS 
1 & 10 LB THRUSTERS 


Erectabli Conmun * cat ions Platform 


Satallll* Syttomt DIvlilon Rockwsll 
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CONCEPT APPROACH 

SPS LEO TEST 
COMPATIBLE WITH SEP 
ORBIT TRANSFER 


• OVERALL DIMENSIONS 
LENGTH: 215 M 
WIDTH: 20 M 


M-WAVF 

ANTENNA 



-Y 

-X 


S O 
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ss 


RCS (4 PLACES) 


• STRUCTURE 

"LADDER" 

SPACE FAB 
GD BEAM MACHINE 


SOLAR ARRAY 





SYSTEMS CONTROL 
MODULE 


• ELEaRICAL POWER 

3952 M^ ARRAY 
LOCKHEED TYPE BLANKETS 
SILICON CELLS 

• PROPULSION 

storable PROPELLANT QUADS 
25 LB THRUSTERS 
PROVISIONS FOR SEP 


Figure B-4. SP3 Test Article 


• ATT & VEL CONTROL 
CMG/RCS 
IMU 

STAR/EARTH/SUN SENSOR 
RECTENNA RANGING 

• M-WAVE ANTENNA 

24 PANELS 
3 PANEL TYPES 

• TOTAL SYSTEM WEIGHT 

83,300 LB 
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B . 4 . 2 Construction Tolerance Regiiln ^n uTitH 

First-cut translation and angular tolerance requirements were established 
for each version (seven) of the five basic systems. Figures B-5 throunb B-11 
sliow the treatment for each of tlie seven systems. The sketclu*s used t»> illus- 
trate the system were taken f r»)m the project drawlnns of Appendix A. The 
requirements are summarized in Table B-2 and are assumi-d to inrlvide an allow- 
ance for the thermal inaccuracies wliich would be experienced durinK construction. 

B.4.3 Ctinst ruct ion Tolerance Allocation 


Each piece of hardware and/or operation which could potentially add to 
installed in.iccuracy of a system was identified and a tolerance allocated. 

The allocations were based on current common ground ;ind expected space fabri- 
cation practices and capability. Tables B-3 through B-h itemize the error 
sources and allocations for each of the systems ‘‘or the Space-Fabricated 
Communications IMatform project. Table B-7 summarizes the information by 
piece parts as identified in S*d ion 3.5.2 of tlie report. T.ibles B-H through 
B-10 present the details for tlte Erectable Communication Platform project. 

The data are summarized in Table B-11 and are based on the piece part list 
from Section 3.5.1. Tables B-12 thn'ugh B-15 present the details for the 
SPS Teat Article project. The data .ire summarized in Table B-lh and are 
based on the list from Section 2.5.4. 

B.4.4 Thermal Distortion 


Prior to their use in the I'onsi ruct ion process, materials will experience 
dlsttirtions due to temperature gradients. The randomness with whii-h thi' con- 
struction process oceurs during an orbit will result in additional distortions 
dui‘ to changing env i ronmi-nt . These distortions, even though small, may 
.idversely affect the alignment of the systems and since preventing or acinunt- 
ing fi>r thermal distortions during the construction process may be dltficult 
or Impr.ict leal , It is anticipated they will be removed during the structural 
al .gnmi-nt proci-ss. 

The re.il concern is the .'eal-tlme distortions experienced during oper- 
ation of the spacecraft (thermal and dynamic). Ke.il-tlmi- disiortions can 
he aci'oiinted for by use «if a ilosed-loop servo-type .tlignment sysii-m ti' 
ensun- proper operation of the spacecraft under the ciuisiantly changing oper- 
at lonal environment . 

B. 4 , 5 .Summary 

The results > the Invest ig.it ion .are summ.irfzed in Table B-17. Tin- 
imfiact of the worsi i-ase toli-r.inii* buildu|i in tin- case of the .intennas Is to 
provide a post construction .ingul.ir .idjusiment i-apablllty in the X, Y, .and /. 
axes of *3* to an accuracy ol M1.25* for each module. In addition, provide 
a fine-tuning aJjustment of •0.5' foi the dish and *0.4 m on the feed horn to 
accuracies ol ‘0.025* and *0.02 ro, respectively. There is no unaiieptable 
Impact on tl-.e projeits if the KCS, orbit tr.insfer propulsion, solar arr.iy, 
and svsli'm contr»il modu 1 es/hous ings systems ire Installed to tin- toler.inces 
a 1 locat c‘d , 


B-8 


B-9 


TRANSLATION IN X-Y PLANE 



• CONCERN IS OVERLAP WITH 
ADJACENT ANTENNA PATTERN 


• TRANSLATION ERRORS OF 
*0. I M ARE ACCEPTABLE 


DOCKING PORT 

ROTATION ABOUT X £ Y AXES 



• CONCERN IS ANTENNA WIIL BE 
POINTED OUTSIDE OF ITS FINAL 
ADJUSTMENT CAPABILITY 


•♦3* OF INSTALLATION ERROR IS 
ACCEPTABLE (POST CONSTRUCTION 
ADJUSTMENT CAPABILITY) 


Figure B-5. E;irth-Point itiR Antenna (Both Ci’nim. Platforms) 
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DOCKING PORT ROTATION ABOUT Y-AXIS 

• NO CONCERN AS 360° ROTARY JOINT PROVIDES INFINITE 
ADJUSTMENT 

DOCKING PORT ANGULAR MISALIGNMENT ABOUT Y-AXIS 


• ANTENNA/TARGET ALIGNMENT WILL CAUSE SOLAR ARRAY TO BE 
AT NON-OPTIMUM ANGLE TO SUN 

• LOW CRITICALITY OF SOLAR ARRAY ANGLE TO SUN PERMITS 
A RATHER LARGE ANGULAR MISALIGNMENT OF THE DOCKING 
PORT.... +50 WILL BE USED 


Figure B-6. Space Target Antenna Pointing (SPS Test Article) 
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DOCKING PORT ANGULARITY ABOUT X, Y, & Z AXES 



• CONCERN IS EXCESSIVE USE OF PROPELLANT BECAUSE MISALIGNMENT OF INDIVIDUAL THRUSTERS WITH 
DESIRED AXES WILL CREATE UNDESIRABLE MOMENTS DURING TRANSLATION AND IMPROPER COUPLES 
DURiNG ATTITUDE CONTROL OPERATIONS. 

• ANGULAR MISALIGNMENT IN ANY AXIS OF 3° (APPROX. PROPELLANT LOSS) OR LESS WILL NOT 
RESULT IN ADDITIONAL PROPELLANT USAGE BEYOND MARGINS PROVIDED FOR UNKNOWNS. 

• TRANSLATION MISALIGNMENT IS NOT CRITICAL— USE + 0. I M 
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Figure B-7. RCS (All Projects) 


ORIGINAL PAGE IS 
OF POOR QUALITY 
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TRANSLATION OF MODULE DOCKING PORT 
IN X-Z PLANE 



PgOPOlS/ 

* 

PPOP££( 


• CONCERN IS LINE OF THRUST OF MODULE 
WILL NOT BE THROUGH C.G. OF 
PLATFORM 

• -^0.1 M ('>0.03°) TRANSLATION ERROR 

IS WELL WITHIN ±7° GIMBAL CAPABILITY 
OF EACH ENGINE OF MODULE 


DOCKING PORT ANGULAR MISALIGNMENT 
IN X. Y. OR L AXES 



• CONCERN IS LINE OF THRUST OF 
MODULE WILL NOT BE THROUGH 
C.G. OF PLATFORM 

• ±2° IS CHOSEN AND IS WELL WITHIN 
'7° GIMBAL CAPABILITY OF EACH 
ENGINE 


Figtirt' B-8. Orbit Tran.sfer Propulsion — Low Thrust Chcm (Both Comm Platforms) 
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TRANSLATION OF DOCKING PORT IN X-Z PLANE ON SYSTEM SUPPORT HOUSING 

•ERROR WILL CREATE A COUPLE WHEN SEP IS THRUSTING ALONG Y-AXIS 
•COUPLE WILL BE INSIGNIFICANT WITH TOLERANCE OF ±0.1 m 

ROTATION OF DOCKING PORT ABOUT Y-AXIS 
•NO CONCERN AS BOTH SEP UNITS HAVE 360° ROTATION IN THIS AXIS 
•ASSUME ±0.10 AS REASONABLE FINAL INSTALLATION MISALIGNMENT 

ANGULAR MISALIGNMENT OF DOCKING PORT ABOUT Y-AXIS 

•NO CONCERN AS SYMMETRICAL SHAPE AND 360O ROTATIONAL CAPABILITY ABOUT 
Z-AXIS ELIMINATES ANY UNDESIRABLE EFFECTS OF ASSEMBLY ERRORS 

•ASSUME ±30 AS REASONABLE FINAL INSTALLATION MISALIGNMENT 
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Figure B-9. Orbit Transfer Propulsion — SEP (SPS Test Article) 


niSAUGNHENT OF DOCKING PORT IN ANY DIRECTION 


•MO CONCERN AS THE DEGREES OF FREEDOM FOR STANDARD OPERATIONS NEGATE 
ANY INSTALLATION TOLERANCES. IN ADDITION. ANGULAR MISALIGNMENT OF 
SOLAR ARRAYS OF APPROX. 10 DEG DOES NOT SIGNIFICANTLY AFFEa 
PERFORMANCE 

•ASSUME ±0.1 M TRANSLATION ERROR AND ±3 DEG ROTATIONAL ERROR AS 
REASONABLE DOCKING PORT INSTALLATION TOLERANCE REQUIREMENTS 


Figure B-10. Solar Arrays (Communication Platforms) 
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• GSC SYSTEM WILL NOT BE ORIENTED 

IN CORRECT AXIS 


GSC SYSTEM WILL NOT BE 
ORIENTED IN CORRECT AXES 


• ASSUME ±1” AS MAXIMUM MISALIGNMENT 


ASSUME ±1• ** AS MAXIMUM 
MISALIGNMENT 


Figure B-11. System Control Module (Conmunication Platforms) 
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Table B**2. Construction Tolerance Requirements Summary 


System 

Translation 

(m) 

Angularity 

n 

ANTENNA 



Barth target 

±0.1 

±3 

Space target 

- 

±5 

RCS 

±0.1 

±3 

ORBIT TRANSFER PROP. 



Low- thrust chem. 

±0.1 

±2 

SEP 

±0.1 

±3 

SOLAR ARRAY 

±0.1 

±3 

SYSTEM CONTROL MODULE 

- 

±1 


Table B-3. Space-Fab Communications Platform — System Control Module 


Source 

Allocation 

Installation of docklne nort to structure 

Transverse beams too long at one end of module 
(±1 cm) (rotation about X-axis) 

0.1° 

One transverse beam too long at one end of module 
(±1 cm) (rotation about Y-axis) 

0.3° * 

Twisted longitudinal beam (1.2**/200 m) 

0.6° * 

Installation of docking port on module (ground fab) 
Angularity about Y-axls 

0.1° * 

Both ports not parallel with module centerline In 
X-Y and Y-Z planes (+0.1 cm) 

0.1° 

Worst case total* 

1.0° 

RSS* 

0.7° 

Requirement 

1.0° max. 
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Table B>4. Spaced-Fab Comnuoicatlons Platfocm< • Antenna Pointing<~*Eartb Target 


SOURCE 

AaOCATION 

INSTALLATION OF DOCKING PORT ON STRUCTURE (±0.1 CM) 

* 0.1® 

CROSSBEAM BOWED IN X-Z PLANE (2.5 CH FROM CENTER) 

* 0.1® 

^ CORRECT i 


EARTH ^ 

• 

CROSSBEAM TWISTED ALONG ITS LONGITUDINAL AXIS (I.2V200M) 

0.2® 

^ CORRECT ^ \ 


TWISTED EARTH 


ONE LONGITUDINAL BEAM TWISTED (l.2”/200 M, ASSUME 1/2 TWISTED) 

* 0.^ 

INSTALUTION OF DOCKING PORT ON ANTENNA NODULE (GROUND FAB) 

* 0.1® 

SYSTEM CONTROL NODULE ORIENTED INCORRECTLY^’^ 

* l.O® 

WORST CASE TOTAL* 

1.9" 

RSS 

1.2® 

REQUIREMENT 

3.0” MAX. 

(1) Additive for determination of post-construction adjustment capability. 
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Table B-6. Space-Fab Coanmicationa Platfom 
Lotf-Thrust Chea. Orbit Transfer Propulsion 


SOURCE 

ALLOCATION 

THRUST STRUCTURE NOT PERFECT PLANE CM ACROSS CORNERS) 

O.2P 

INSTALLATION OF THRUST STRUCTURE FIXED DOCKING PORT TO PLATFORM STRUCTURE 


LONGITUDINAL BEAM INCORRECT LENGTH (>l CM) 

O.A® 

ATTACHMENT RESULTS IN PORT FACE IN WRONG PLANE (^.1 CM) 


INSTALLATION OF DOCKING PORTS TO THRUST STRUCTURE (GROUND FAB) 


THRUST STRUCTURE PORT OUT OF PLANE (ijO.I CM) 


MOOULE PORT OUT OF PLANE (^.1 CM) 


SYSTEM CONTROL MODULE ORIENTED INCORRECTLY 


WORST CASE TOTAL 

1.9® 

RSS 

1.1® 

REQUIREMENT 

2.0 MAX 

NOTE: TWO OF THREE THRUST STRUCTURE DOCKING PORTS MUST BE FLOATING IN X-Z PLANE 

TO PERMIT CONNECTION TO PORTS ON PLATFORM. 
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Table B-7 


''^'itical Construction Tolerance Suonary, 
Space-Fabricated Conn. Platfom 


ITfN DESCRIPTION 

CRITICAL DIMENSION 

TOLERANCE 

ALLOCATION 

SYSTEMS AFFECTED BY 
CRITICAL DIMENSIONS 

CONSTRUCTION 

OPERATION 

LONGITUDINAL BEAH 

LENGTH 


•fl CM 

THRUST STRUCTURE 

CUTOFF DURING FAB 


TVISTEO 


±0.6* 

ANTENNA. SCM, RCS 

FABRICATION 

TRANSVERSE BEAM 

LENGTH 


4^1 CM 

SYS. CONT. NOD (SCN) 

CUTOFF 

CROSS BEAM 

TWISTED 


±0.2* 

ANTENNA. RCS 

FABRICATION 


BOWED 


±2.5 CM 

ANTENNA. RCS 

FABRICATION 

DOCKING PORT (STRUCT.) 

FACE ALIGN. WITH 

+0.1° 

ANTENNA. RCS. THRUST 



BEAN END (iO.I CM) 


STRUCTURE (TS) 


THRUST STRUCTURE 

OUT OF PLANE (i4 CM) 

±0.2* 

ORB. TRANSF. PROP. 

GROUND FAB 


DOCKING PORT ALIGN. 

+0.1° 

ORB. TRANSF. PROP. 

GROUND FAB 

STRUTS 






RCS MODULE 

DOCKING PC 

IRT ALIGN. 

+0.1° 

RCS HOD 

GROUND FAB 

ANTENNA MODULE 



1 

ANTENNA NOD 

1 

SYST. CONTROL MOO 


• 

1 

SYS. CONT. HOD. 

1 

ORBIT TRANSF. PROP. NOD. 

DOCKING P( 

IRT ALIGN. 

+0.1° 

ORB. TRANSF. PROP. 

GROUND FAB 

< 




NOD. 




Table B-8. Erectable Connupicacioas Platf 
Systea CoacroL Module 




SOURCE 


•JOIHT (WITH DOCKIRC PORT) NOT INSTALLED WITH PORT IN CORRECT PLANE 
•STRUCT INCORRECT LENGTH (^.1 CM) (GND PAH) 

• INSTAiXATIOH OP DOCEINC PORT ON JOINT (;^.l CM) (CND PAB) 

• INSTALLATION OP DOCEINC PORT ON MODULE («p.l CM) (GW PAB) 

'TOTAL STRUCTURE MISALIGNMENT DURING ASSEMBLY 

(STRUTS INCORRECT LENGTH) 

•SYSTEM CONTROL MODULE ORIENTED INCORRECTLY 

HORST CAST TOTAL 
RSS 


ALLOCATION 


REQUIREMENT 





Table B-10. Brectable CoaMinicatioas Platf 
KC;: & Orbit Tranafer Propulsioa 
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Table B-11. Critical Construction Tolerance Summary » 
Erectable Communications Platform 


ITEM DESCRIPTION 

CRITICAL DIMENSION 

TOLERANCE 

ALLOCATION 

SYSTEMS 

AFFECTED BY CRIT- 
ICAL DIMENSIONS 

CONSTRUCTION 

OPERATION 

RCS MODULE 

DOCKING PORT ALIGN 

+0.1° 

RCS 

GROUND FAB 

ANTENNA 

DOCKING PORT ALIGN 

+0.1° 

ANTENNA MOD 

GROUND FAB 

SYST. CONTROL MOD 

DOCKING PORT ALIGN 

♦O.l'' 

SYS. CONTR. MOD 

GROUND FAB 

ORBIT TRANSFER 
PROPULSION MOO 

DOCKING PORT ALIGN 

+0.1° 

ORBIT TRANSFER 
PROPULSION MOD 

GROUND FAB 

STRUTS 

LENGTH 

+0.1 CM 

ANTENNA, RCS, SYS. 
CONT. MOO, ORBIT 
TRANS. PROP. 

GROUND FAB 

DOCKING PORT (STRUCT.) 

FACE ALIGN 
(10. 1 CM) 

+0.1° 

ALL 

ASSEMBLY 


i 

I 
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Table B-13. SPS Test Article- 
Antenna Pointing - Space Target 


SOURCE 

ALLOCATION 

•INSTALLATION OF DOCKING PORTS (GND FAB) 


•TO SYSTEM SUPPORT HOUSING (ROTARY JOINT) (+0.1 CM) 

0.1° 

•TO ROTARY JOINT (SYSTEM SUPPORT HOUSING) (+0.1 CM) 

0.1° 

•TO ROTARY JOINT (ANTENNA) (+0.1 CM) 

o 

• 

o 

•TO ANTENNA MODULE (+0.1 CM) 

0.1° 

•SYSTEM SUPPORT HOUSING ORIENTED INCORRECTLY 

1.2° 

WORST CASE TOTAL 

1.6° 

RSS 

1.2° 

REQUIREMENT 

5° MAX 

NOTE: LONGITUDINAL BEAM LENGTH NOT CRITICAL - REGARDLESS OF BEAM LENGTH 

SOLAR ARRAY WILL BE NORMAL TO SUN WITH ANTENNA POINTED AT SPACE 
TARGET 







Table B-14. SPS Test Article- 


SOURCE 


ALLOCATION 


-INSTALLATION OF DOCKING PORT ON STRUCTURE (+0.1 CM) 


* 0 . 1 " 


•CROSS BEAM BOWED IN "X-Y" OR "X-Z" PLANE (+2.5 CM) 


* 0.1 


•CROSS BEAM TWISTED ALONG ITS LONGITUDINAL AXIS (1.2 /200M) 


•STRUCTURE TWISTED ALONG LONGITUDINAL AXIS 


* 1 . 0 " 


TMO'l’ATT AfPTr\XT /XT? T\/\/xiyTXTyx Tk/xnm /XXI xa/XTX««T T? //ixt»x vt a vk \ / . /x x 


. . 1 . ..I 
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Table B-16. SPS Test Article— Cri 


ITEM DESCRIPTION 

CRITICAL DIMENSION 

MICROWAVE ANTENNA 

DOCKING PORT ALIGN 

ROTARY JOINT 

DOCKING PORT ALIGN 

SYSTEM SUPPORT HOUSING 

DOCKING PORT ALIGN 

DOCKING PORT (STRUCT.) 

FACE ALIGN WITH BEAM 
END (±0.1 CM) 

LONGITUDINAL BEAM 

LENGTH (±0.1 CM) 

CROSS BEAM 

TWISTED 

RCS MODULE 

DOCKING PORT ALIGN 
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Table B-17. Investigation Summary 
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